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ABSTRACT 


Sediment transport measurements were taken on the Elbow River 
at Bragg Creek, the North Saskatchewan River at Nordegg and the North 
Saskatchewan River at Wilson's Bridge. The Elbow River site was studied 
previously by A. B. Hollingshead in 1967 and 1968. 

Bed-load discharge was measured with three different portable 
bed~load samplers.at Nordegg and Bragg Creek. These samplers were the 
1/4 inch mesh bas ket, the 1/2 inch mesh basket and the V.U.V. samplers. 
Bed-load discharge was also determined by direct measurements on the 
refilling rate of a large pit excavated in the Elbow River bed. Sus- 
pended sediment measurements were carried out at all three sites using 
depth-integrating samplers. The velocity dis tribution was measured for 
the start and width of bed-load movement 

The efficiency of the 1/4 inch mesh basket was determined for 
certain low flows on the Elbow River. Relative sampling efficiencies 
between the bed-load samplers were determined with the most efficient 
sampler pene the 1/2 inch mesh basket. The bed-load discharge obtained 
from bed-load sampling was related to fluid discharge. Bed material 
discharge was determined using graphs which were developed by Cooper and 
Peterson (1968). The calculated bed material digcharge was then com- 
pared with measured bed-load discharge. The bed-load material was 
analyzed for size-distribution and compared to the size-distribution 


obtained from bed-load samples. 
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iv 
The relationship betweén enero sediment discharge and bed- 
load discharge was calculated for Brage Creek and for Nordegg. The total 
sediment yield at all three sites was determined. 
A Eevee pak) study on bed-load movement is recommended for 
Prage ;Creck. An ekficient method of measuring the refilling rates of a 
large volumetric pit would enable the exact determination of bed-load 


sampler efficiencies. 
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4-22 Velocity Vs. Depth, Station 80 
Elbow River at Bragg Creek. . 


4-23 Velocity Vs. Depth, Station 90 
Elbow River at Bragg Creek. 


4-24 Velocity Vs. Depth, Station 100 
Elbow River at Bragg Creek. 


4-25 Velocity Vs. Depth, Station 110 
Elbow River at Bragg Creek. 


4-26 Velocity Vs. Depth, Station 120 
Elbow River at Bragg Creek. 


4-27 Velocity Vs. Depth, Station 130 
Elbow River at Bragg Creek. 
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CHAPTER IV - (Cont'd.) : Appendix B 


4-28 Velocity and Bed Load Movement Distribution 
North Saskatchewan River at Nordegg. 


4-29 Velocity and Bed Load Movement Distribution 
North Saskatchewan River at Nordegg. 


4-30 Hydrograph of Instantaneous Discharges 
Elbow River at Bragg Creek. 


4-31 Hydrograph of Instantaneous Discharges 
Elbow River at Bragg Creek. 


4-32 Hydrograph of Instantaneous Discharges 
Elbow River at Bragg Creek. 


4-33 Hydrograph of Instantaneous Discharges 
Elbow River at Bragg Creek. 


CHAPTER V 


5-1 Bed-Load Movement 
North Saskatchewan River at Nordegge. 


5-2 Bed-Load Movement 
North Saskatchewan River at Nordegg. 


5-3-A Bed-Load Discharge Vs. Fluid Discharge 
Elbow River at Bragg Creek. 


5-3-B An Example of Unit Bed-Load Movement Obtained 
From Each Sample Vs. Time 
Elbow River at Bragg Creek. 


5-3-C Bed-Load Discharge Vs. Fluid Discharge 
Elbow River at Bragg Creek. 


5-4 Bed-Load Movement 
Elbow River at Bragg Creek. 


5-5 Grain Size Curves for Stations 50,°60,°70 and 80 
Elbow River at Bragg Creek. 


5-6 Grain Size Curves for Stations 50 and 70 
Elbow River at Bragg Creek. 


ia | Grain Size Curves 
North Saskatchewan River at Nordegg. 


5-8 Grain Size Curves for Station 60 
Elbow River at Bragg Creek. 
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CHAPTER V — (Cont'd.) Appendix B 


a-9 Grain Size Curves for Station 120 
North Saskatchewan River at Nordegg. 


5-10 Grain Size Curves for Station 120 
North Saskatchewan River at Nordegg. 


5-11 Suspended Sediment Measurements 
Elbow River at Bragg Creek 1968 and 1969. 


5-12 Suspended Sediment Movement 
North Saskatchewan River at Nordegg. 


5-13 Stage-Discharge Curve and Suspended Sediment Movement 
Vs. Fluid Discharge, 
North Saskatchewan River at Wilson's Bridge. 
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5-14 Relationship Between Vi") (6.4) > 
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CHAPTER IV Appendix C 
iVv=1 Aerial View of North Saskatchewan River at Nordegg 
Bridge. 
IV-2 Series of Photographs taken from Left Guide Bank 
in 1968, 
North Saskatchewan River at Nordegg. 
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North Saskatchewan River at Nordegg. 
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CHAPTER | 
INTRODUCTION 


1.1 Reasons for the Study 


re ote rn amr ni ea 


Sediment can create problems in water power development, water 
supply, navigation, flood control, loss of reservoir storage capacity, 
irrigation, land damage, and soil conservation. Because of its impor- 
tance, engineers are beginning to look at rivers as streams of sediment 
as well as rere of water. 

Sediment load is the sediment that is being moved down the river 


23 


and can be generally divided up in the following way: 


Sediment Load 


renee nner 


Wash Load consists of fine grains Bed Material Load made up of 
which have washed off the drainage grain sizes found in appreciable 
basin and are finer than the 


quantities in the bed. 
stream bed material 


Suspended Sediment - that part Bed=losd = that part of tire. | 
of the sediment Toad that is sediment that is transported by 
in suspension rolling, sliding or skipping 


along the bed 


It can be seen from above, that sediment transported by a stream 
may conveniently be divided into suspended load and bed-load; but 
depending on the flow conditions, sediment may at one time be part sus- 
pended load and at another time part bed-load. For this study bed-load 
will be defined as that measured with bed-load samplers and suspended 


] 


- * 
. 2 =P ee 
Pao TIAND 
; any 
, a 
ar FrAuaontaTy = ‘ 
: F 7 
= ha) 
. AY. | ee | % 
« < _ a Uy s 
‘ ot Vio Te] aviaesh te we fo! Uae 
\ ‘a - , 
. j { Oe 
: * 
‘ J 
Ve 2 7 ( } fori fe | 
tev) bs ary aie See th 
=" q 
Bea) i 6 tevin my a! oH" inemioge wy. 4 =) —. 
Taye ae 
: a ' bs 


set ap TY 


at ee pm ; 
j L . , 7 * 
io qv soe! 220) (eta4soteies a SA AeTO ote *it ls t2bens9" 
atdni's: ov aceyes 1V4 have 7 Biss 2 iia abanigrh Sr)’ 1 > erie a 
: . bad ong, Soi asl Up ond tents <e8aT- HWS xc 


giro ve 


ate to Jey pont * te a 
wel bat aegcruris a gen! + oe : 
a wiiegi#a 16. 20108 ie 4 EG" 
- iy | Ste 


| ae 
Bal fa 907 bn mogsans? tagqguibag $802) ,ONOUE ity) fuse ae pai Be 


fui subiT shoe Une heel Babawaene Got Wwalijvih ad sef 
4 - ; r 


rng ad ow)? ore: de gia re ,eaof2 Thrice wil) eds. 06 


ate 


aa pate alta 704 begt shed eq aml y Taian is: fine ‘heel’ 


eve ao Satan: ia Pages oe tad, ' 
i ; 


| i‘ 
ae _ are 


tO 


ra 


load that which is measured with suspended sediment samplers. 
eee ects of the Study 


The object of this study was to determine the amount of bed-load 
discharge in two gravel rivers using portable samplers and in so doing 
answer the following questions. 

1. What are the efficiencies of the various portable bed-load 

samplers used, when compared to actual bed-load discharge? 

2. How do the various bed-load samplers compare as to 
(a) different size range of material caught? 

(b} “relative effictencies? 

3. How do field bed-load measurements compare with graphs on 
bed material discharge obtained by Cooper and Peterson (1968) 
from an analysis of worid flume data. 

4k, What are the hydraulic conditions for first displacement or 
incipient motion? 

5. .For each study site, is there a relation between the amount 
of suspended sdueinea and the amount of sediment classed as 
bed-load. | 

6. How does sampling from a cableway with a cable car compare 


to sampling from a bridge with a truck-crane? 


This report will also provide useful field data for anyone 


studying sediment transport. 
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CHAPTER 11 
THEORY 
2.1__Bed-Load Samplers. 


Bed-load discharges can be determined from measurements taken 
with portable bed-load samplers which collect the bed-load discharge 
from a narrow width of the stream bed. The ratio of material caught by 
a bed-load sampler to actual bed-load transport is known as the effi- 
ciency of that bed-load sampler. However, the efficiencies will vary 
with any or all of the following factors: velocity, depth, particle 
size, bed-load magnitude, degree of filling and bed configuration. 

Besides variable and uncertain efficiencies, another major 
factor that causes inaccuracy in bed-load sampling is the fact that bed- 
load discharges vary rapidly and erratically with time. Therefore 
numerous samples are required at one point in order to establish a repre- 
sentative transport rate. This in turn causes another possible error, 
that fs that during the time required to obtain these numerous samples, 
the flow conditions can change and therefore the results may not cor- 
respond to the correct flow conditions. 

Tests have been made to calibrate the various samplers according 
to sample efficiency and hydraulic efficiency (Hubbel 1964) (Hollingshead 
1967 and 1968). The results are questionable for most of the tests were 


run in the laboratory flumes where it is rather difficult to model 
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eaten movement and other relevant hydraulic factors. Efficiencies 
that were obtained from actual test rivers were for rivers which had 
sand bed material. The rivers which were-sampled in this report are 
rivers which have gravel for bed material. Hollingshead (1967 and 1968) 
obtained bed-load sampler efficiencies on gravel rivers for low flows by 
comparing results of bed-load samplers with results obtained from a 


volumetric pit. 
2.2 Bed-Load Determination from Volumetric Pit 


YWoihiscoe pits are placed in the stream bed by excavating the 
bed were rial to some depth. This results in a larger cross sectional 
area through which the water must flow. Gvecetore the velocity of the 
water is lowered and the bed-load discharge is trapped by the Dit em The 
main advantages of the volumetric pit is that it is capable of collecting 


nearly 100% of the bed-load. However, they are costly and difficult to 


survey at high flows. 
eS | Available Experimental Data 


Cooper and Peterson 1968, analyzed most of the available experi- 
mental flume data on bed material transport with the aid of a computer. 
Their analysis consisted of an evaluation of a set of independent 
functional equations describing those aspects of the phenomenon most 
frequently encountered in practice. Beengee were presentedsin the form 
of non-dimensional contoured plots. 

With the help of Dimensional Analysis, functional expressions 


relating both C and h/Dop to v2/gh and S respectively were developed by 
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the authors. They also verified ite the effect of. b/h ‘Ws-tsmal)l. for 

values greater than 5.0. In their analysis, density ratio of solids to 
fluid s/pf has been eliminated and their results are only applicable 
to situations where Ge is constant and Bete 2.65. They also suggest 


that the effect of gradation is small. 


2.4 Relation of Bed-Load Discharge to Suspended Sediment 


Se eee 


The quantity of bed-load as compared to suspended load has been 
studied by ere nebates Altunin (Walenty Jarocki 1967) found ree 
for rivers In central Asia the ratio of bed~load discharge to sievencad 
sediment discharge was 15-23% in mountain streams, 5-15% in hilly streams- 
and 1-3% on the plains. In.U.S.S.R., Lopatin (Walenty Jarocki 1967) 
found that the ratio of bed-load to suspended load was about 0.05 to 
0.10 for rivers on the plains and from 0.10 to 0.20 for mountain streams. 
These relationships are based on the average results of bed-load and 
suspended sediment measurements. Comparison of instantaneous measure- 
ments taken reveal a discrepancy in the ratio between suspended sediment 
and bed~load ab echarae. The explanation of this discrepancy lies in the 
fact that the quantity of suspended sediment discharge and bed-load dis- 
charge fluctuate with time. Other factors which attribute to this dis- 
crepancy are local scouring of the bed and banks, precipitation, 
migration of the channel in the river valley, etc. 

~Jarocki (1967), from his study on Polish Rivers, states that the 


quantity of bed-load discharge is always less than suspended load and 


that there is a correlation between the two. 
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2.5 Fluctuations in Bed-Load Discharge Analyzed Statistically 


Statistical analysis of bed-load oven has ‘been done by 
B. S. Shteynman (1966) on the Kura River in Poland. Shteynman derived 
bed-load movements from'a large number of bed-load samples. On the 
basis of the integral limiting theorem of Orabab unin he found that the 
fluctuations in the derived bed-load movement conformed to the Gaussian 
law of distribution. Knowing the distribution, Shteynman then estab- 
lished confidence limits for his results. Shteynman also declared that 
for the rivers they sampled, the average of 20 samples was the same as 
the average for 100 samples. These bed-load measurements were obtained 
from the Kura River which has sand dunes for bed forms. Therefore nee 
results do not necessarily apply for a gravel ee where the bed forms 


are not known. 
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CHAPTER 111 
EQUIPMENT AND METHODS 


et SU RTroduct ton 


Most of the equipment and methods used in this study are the same 


as those used in the Hollingshead study of 1967 and 1968. Therefore 


descriptions of the equipment and methods will be brief with emphasis on 


any new equipment or methods. 


3.2 Basket and V.U.V. Samplers 


The Basket and V.U.V: bed-load samplers were the same as those 
used in the 1967 study by Hollingshead, only the 3/4'' mesh basket was 
not used. PLATES NO. I1)-1 and 111-2 show the basket and V.U.V. bed- 


load samplers respectively. 


Shee Bed-Load Discharge Sampling 


(a) Bragg Creek 


Sampling was carried out from a cableway which crosses the 


Elbow River near the Village of Bragg Creek. 


The sampling was done from a mechanized cable car (see PLATE 
NO. I1i-3). PLATES NO. II1-4 through to PLATE NO. 111-6 show the power 
winch used for raising and lowering the samplers, the mechanism for 


lateral movement, and the weigh scale. 
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Located approximately 50 feet upstream of the main cableway 
was another cableway parallel to the main cableway (see PLATE NO. 111-7). 
This smaller cableway will be referred to as a "stay line" in the 
remainder of this study. This stay line was stretched across the width 
of the river 2 feet above high water level. A rope ran from the cable 
car out to the stay line and back to a bed-load sampler (see PLATE NO. 
Ll1!-7). This rope shall be referred to as the ''stay rope'' for the re- 


mainder of this study. 


(b) Nordegg 
ae els at Nordegg was carried out from a ae which 
crossed over the North Saskatchewan River near the Village of Nordegg. 
At Nordeag, sampling was done using a truck that was equipped with a 
crarfe and power winch. The truck used was a 1969 Ford which had a gross 


vehicle weight of 22,000 pounds. The hydraulic crane (shown fully ex- 


tended on PLATE NO. 111-8) had the following capacities: 
8000 pounds at 5' radius 
5000 pounds at 8' radius 
3670 pounds at 11' radius 


2420 pounds at 16 1/2' radius 

Located about 150 feet upstream from the bridge was a stay 
line which ran parallel] to the bridge. The stay line stretched across 
the river and was about 1 foot above high water level at its lowest 
point. The stay line was equipped with a stay rope the same as Bragg 
Creek, however, one end of the rope was arenece a bridge instead of 
a cable car. 

The procedure for sampling with Basket Samplers is as follows: 


1. Attach the desired bed-load sampler to the power winch. 
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2. Move to the desired location. 

3. Lower the sampler till it is just above water level}. 

4, Tighten the stay rope. 

5. Lower Senter to river bottom. 

6. When the sampler Is on the bottom start stop watch and loosen stay 
rope. 

7. Anticipate the sampling time required to trap approximately 100 lbs. 
of sample. 

8. Before pulling up sample tighten stay rope. 

9. Raise and weight sample. 

10. Record location, time and weight. 

11. Dump sample back Into river. 

The stay rope is required because the sampler has a tendency 
to move downstream due to the drag created by the moving water. The 
stay rope keeps the sampler from moving downstream. When the He one 
on the bottom the stay ps eae be jousenee because the lower velocities 
near the bottom produce smaller drag forces. If the tension in the stay 
rope was not released. during sampling, the front end of the sampler 
would Jift up and bed-load discharge would pass Wier the lip of the 
sampler. 

When the V.U.V. sampler was used in the same way that the 
Basket sampler was used, it refused to sink to the bottom and planed the 
water surface. In order to get the V.U.Y. to sink, a rope was tied to 
the rear of the sampler and kept tight while the V.U.V. was being 
lowered into the water. This made the sampler tilt Pe bea and caused 


the sampler to dive downwards into the water. {See PLATES NO. !11-9, 


= 


1) cei bah Fees ons Oa 
susj SUeda seul & 1-27 Pe eae, 


i‘ 


svat 
. nie URIS as. Per 

rom, } = 

¥ ny > <1 ] ip rqisg 


o 2st. wa niee stl? @ 


tess (in aii ol ladle aCe ot pela 
at , i ie a 
+. r F : } ? af ait) gt os at 


on | tidy ole : 


- 


A 
‘afoage Aloltaw UN eee 


¥ bs ae beat rib. of titel 


j 
i 


Paid - | 4 bal rs 


yor ® s 
- 2 7 — aes . : ; ot. as ‘ A : be 
a ery. tit Gs van ; Ss ib AG Ss sup net} Ret we 


ioselinne 3H) 9 a) o Citas bates Tae oe overig 
: ‘oe t# ; 2 «| iy OND if sry - Brit t 4 4 3 2 ain a4 Tic 3D ay r M B77 dA "i a 
: a | 
Es? ‘eft at natéxnes sea 7! seSI IGT Pats iar lames olde as ted ag 
: Rs 


Psiech Fan jaar? 


~ 
ey 
~~ 
a 
ail 
Nom 
e 


; welguse |r 


| 


_ 
ei7 *o gil ane Yad 22ed blildw O25 679210 Deo | =fiet nit ou otf 
: ? 7 


f SAD tele Yow sive an7 Ad thee ies Selanne Vu0n eng al 
ow berate Brn wotted ans of Mitts a bgeivian f). hoe) en sien 


a ws al PHOT, @ tees “vu. v ‘gat fop 03 qaliag/ gf , + >of ch 
Ags 


rent co 
aah Maia 
' Ki ; 
aT Ae sag 3 ea = arnt einai Hy cs i i” 


7 <faed 
_ 
7 


Py av ated enw cM, Vana alinw a ida yd, “fab ime ain. aff} Ww 


See bisuear 20fn vatgeas old alse “sir he 


- 


10 
[11-10 and 111-11.) Once the sampler was on the bottom the rear rope 
was let loose and sampling proceeded in the usual manner. 
Not all samples were dumped back into the river, some were 


saved and analyzed for size at a later date. 
3.4 _Hydrophone 


Two different hydrophones were used in this study. The one used 
in 1967 by Hollingshead (1967) and a smaller more pOneecr model that was 
used in 1968. Both hydrophones operate on the same principle; the only 
difference between them being their size and weight. One weighs 35 
pounds while the other weighs 87. pounds. 

With the use of the hydrophone it was possible to listen to the 
sound of the nenes gravel. Because this sound of atave} ino janene can 
be detected, the width of the moving strip and competent conditions can 
also be detected. 

An attempt was made to relate the level of sound to a quantitative 
measure of bested discharge using a recorder which recorded electrical 
output from the hydrophone. This has been attempted using a similar 
type of equipment and was reported by Hubbel (1964). The results will 


-be discussed in a later section. 
3.5 Bed-Load Determination Using Pit Excavation 


Almost all of the total bed-load movement on the Elbow River at 
the Bragg Creek site occurs on the left side of the channel (as reported 
by Hollingshead 1968). . The pit which was 200 feet long by 70 feet wide 


by three feet deep, was located along the left side of the river. Rough 
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11 
estimates suggested that the pit was capable of creenl ne 1,000 cubic 
yards of material with 100% efficiency. Thereafter We efficiency 
would decrease. The pit was surveyed using a cross-section every 10 
feet along its length. These cross-sections meee taken from a small car 
top boat held stable in the river with three guide ropes. 

The pit was resurveyed after flows above competent conditions had 


occurred so that the volume of bed-load discharge could be determined. 


3.6 Velocity Measurements and Equipment 


The velocity measurements necessary for prechacee calculations 
were carried out at both Bragg Creek: and Nordegg using a Gurley oir ene 
meter. Besides these velocity measurements, additional measurements 
were taken using a Gurley meter attached so that it was six inches above 
the sounding weight. The above measurements were taken at least once a 
day on those days when bed-load movement was occurring. 

In brane to get measurements of velocity closer to the bed than 
0.5 feet, a velocity rake was built (see PLATES NO. 111-12 and 111-13). 
The rake consisted of 5 pigmy meters, 1] Gurley meter, 6 counters, a power 
source, a stabilizer fin and two thirty pound weights. With this device 
it was possible to obtain velocities to within 0.2 feet of the river bed. 
Also the velocity rake read six velocities at the same time. This meant 
all velocity meters were recording over the same time interval and 


therefore a better time-wise average was obtained. 


3.7 Bed Material Sampling 


In order to determine the size of the bed material, pit samples 
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12 
were taken from gravel bars at both sites and from the volumetric pit at 
Bragg Creek. For these samples an area was marked out and all the 
material within this area was excavated to the depth of the largest 


particle. 
3.8 Suspended Sediment Measurements 


Suspended sediment samples were taken on the Elbow River at Bragg 
Creek, the North Saskatchewan River at Nordegg and the North Saskatchewan 
River at Wilson's Bridge. At low water stages, the depth-integrating 
wading hand sampler (US DH-48) and the depth-integrating hand-line 
sampler (US DH-49) were used. At high water stages the depth-integrating 
sampler, US D-49 was used. PLATE NO. 111-14 shows a photograph of the 


US D-49 depth-integrating sampler. 
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CHAPTER IV 
FIELD OBSERVATIONS AND RESULTS 
4.1_The Study Areas 


Two sites were selected for this study. These sites were Bragg 
Creek on the Elbow River located 30 miles southwest of Calgary: and 
Nordegg Bridge on the North Saskatchewan River located about 100 miles 
west of Red Deer. These locations are designated study areas (1) and 
(2) respectively on FIGURE 4-1. The Bragg Creek area had been previously 


studied by Van Der Geissen 1966 and Hollingshead 1967. The reason for 
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the Bragg Creek site being selected again was 
presence of existing available equipment and the information already 

obtained on bed-load movement. The Nordeagg Site was selected because of 
the large number of days per year over which Bel Seeaiouenene was known 


BONOCE UE, 
4.2 Hydrologic Data 


(a) Elbow River 


The Elbow River Drainage Basin is shown on FIGURE 4-2. This 
figure shows that the basin is composed of foothills and mountains. The 
basin at Bragg Creek drains approximately 306 square miles. 

Water Survey of Canada have a water stage recorder on the Elbow 


River, located 100 feet downstream of the existing bridge. The recorder 
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14 
has been in Operation for 33 years. From these records the mean flow is 
approximately 390 c.f.s. From the flood-frequency curve of FIGURE 4-3 
the | in 10 year mean daily flood is 4,850 c.f.s. and the 1 in 100 year 
mean daily flood is 10,000 c.f.s. 

Hydrographs of mean daily discharge for the years of 1967, 1968 
and 1969 are plotted on FIGURES 4-4 and h-5, FIGURE 4-6 shows a flow- 
duration curve for the Elbow River at Bragg Creek. FIGURE 4-7 shows the 
Stage-Discharge rating curves at Bragg Creek. The instability of the 
stage-discharge curves is usually caused by bars passing down the river 


and/or channel shifts. 


(b) North Saskatchewan River 
The North Saskatchewan River Basin, shown on FIGURE 4-8, is 


divided into the following drainage areas and are as follows: 


Area Location Drainage Area 
1 Saunders. 1,980 square miles 
Z Nordegg 1,755 square miles 
3 Tershishner Creek | 1,430 square miles 
h Wilson's Bridge 642 square miles 
5 Saskatchewan Crossing 492 square miles 


Water Survey of Canada have kept records of discharge at Saunders, 
Tershishner Creek and Saskatchewan Crossing. Since there are no flow 
records at Nordegg, it was necessary to estimate flows from records at 
Saunders and Tershishner Creek. The i ey: daily flow at Nordegg is 5,800 
c.f.s. The 1 in 10 year mean daily flood is 20,300 c.f.s. and the 1] in 
100 year mean daily flood is 24,700 c.f.s. FIGURES 4-9 and 4-10 show 


the flood frequency curves at Saunders and Tershishner Creek respectively. 
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The hydrograph of mean daily discharge Gee Nordegg (1969) is 
shown on FIGURE 4-11. Flow duration curves for seinen Nordegg, 
Tershishner Creek, Wilson's Bridge, and Saskatchewan Crossing are shown 
on FIGURE 4-12. The flow duration curves for Nordegg and: Wilson's 
Bridge were obtained by interpolation based on area of drainage basin. 

The stage-discharge curve for the North Saskatchewan River at 
Nordeag (as shown on FIGURE 4-13) was very unstable and very flat (i.e. 
small change in water elevation resulted in large change in discharge). 
Curve #1 of the stage-discharge curves was used up till July 10, 1969, 
and curve #2 was used after July 10, 1969. The Blanes in curves was 


caused by a channel shift immediately upstream from Nordegg Bridge. 


4.3 Channel Geometry 


ee or 


(a) Elbow River at Bragg Creek 

The channel geometry was described in the study done by 
. Hollingshead in 1967. It was found that the channel] has not changed 
much since then and that the cross-sections taken in 1967 would be ade- 


quate for use in this study. 


(b) North Saskatchewan River at Nordegg 
PLATE NO. IV-1 taken in 1969 shows the bridge and reach of the 
river where the study was carried out. Cross-sections were taken along 
this reach In the summer of 1968 and in the spring of 1969, and are on 
file with the Highways Division of the Research Council. 
The location of the main channel in the fall of 1968 and the 


spring of 1969 is shown on PLATE NO. IV-2. The channel at that time was 
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16 
approximately parallel to the guide bank. PLATE NO. IV-3 shows the main 
channel after the high flows which occurred in the ere of June, 1969. 
The channel has now shifted and the main channel flow is now flowing 
directly at the nose of the guide bank. 

FIGURE 4-14 shows the cross~sections which were taken at various 


times (beneath the bridge structure). 
4.4 Slope Observations 


(a) Bragg Creek 
A staff gauge was set up at the cableway, located 1800 feet 
downstream From the permanent stage recorder. The eerie was read 
periodically and the time of reading and water elevation noted. Knowing 
the water elevation at the recorder and at the staff gauge a surface 
water slope was calculated. The average slope was about 7.45 x 10°? 


which was the same as obtained by Hollingshead (1967). 


(b) Nordeag 
FIGURE 4-15 shows the water profiles that were taken on the 
North Saskatchewan River at Nordegg. From the water profiles the aver- 


age slope is about 1.58 x 10-8 


ALS Velocity Observations 


ee 


(a) Elbow River 
Velocity distributions and profiles were obtained on the Elbow 
River using the previously described velocity rake. These distributions 


ere shownvon FIGURE 4-16 and 4-17 for flows of 880 caftas = and 15090 cl ts. 
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17 
respectively. An attempt was made to obtain velocity distributions at 
flows higher than 1,090, using the velocity rake. However, at these 
flows the moving bed-load damages the pigmy meters to such an extent 
that they are no longer useable. Therefore for flows above competent 
conditions. the Gurley current meer and sounding weight was used. With 
the Gurley current meter, velocities were obtained at either 0.6d or 
0.2d and 0.8d depending on the depth at each station. Velocities were 
also obtained at, a point 6 inches off the river bed. From these veloc- 
ities and knowing the approximate shape of a typical velocity profile, 

a velocity distribution was drawn for a eee of 3,290 c.f.s. {see FIGURE 
4-18). | 

FIGURES 4-19 through to FIGURE 4-27 are plots of the velocity 
profiles on semi-log paper. These profiles were obtained directly from 
the results of the velocity rake for fluid discharges of 880 c.f.s. and 
1,060 c.f.s.. The velocity profile for a fluid discharge of 3,290 c.f.s. 


was obtained from the velocity distribution diagram of FIGURE 4-18. 


(b) North Saskatchewan River 
The velocity rake was not used at Nordegg because the flow was 
always above competent conditions during sampling operations. The 
velocity distributions are shown on FIGURES 4-28 and 4-29 for discharges 
equal to 11,900 c.f.s. and 6,800 c.f.s. respectively. These distribu- 


tions were obtained using a Gurley meter as previously described. 


h.6  Bed-Load ‘Discharge Sampling 


TABLES IV-1 and IV-2 located in Appendix A gives the observations 


of all bed-load measurements obtained on the Elbow River and the North 
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18 
Saskatchewan River respectively. Column one gives the identification 
number of the bed-load sample. Column two is the date when the sample 
was taken. Column three is the station where the sample was taken; the 
station being referenced to the lateral distance from the datum point on 
the left bank. Column four gives the type of bed-load sampler used to 
obtain the sample. Column five and six give the sampling time and the 
sample weight respectively. Columns seven and eight represent the mean 
water depth and the mean velocity respectively at that station. Column 
nine gives the average fluid discharge in the river when the sample was 
taken. Column ten lists the number given to a sample that was saved for 
grain size analysis, which will be discussed later on. Column eleven fe 


the mean diameter obtained from the size analysis. 


d Sampled Material 
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4.7 Analysis of Bed Material and Bed-Loa 
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TABLE IV-3 and TABLE IV-4 show the results of size avene on 
samples obtained from Elbow River and North Saskatchewan. River respec- 
tively. Column one in the tables gives the sample number. Column two 
gives the type of sample. Column three in the tables gives the location 
of where the sample was obtained. If the type of samp le was a pit 
eanple then it will be referenced according to its location either up- 
stream or downstream from the road bridge. If the sample was obtained 
from a bed-load sampler, then the location will be referenced according 
to the datum point on the left bank and the station is the distance 
laterally in feet across the stream. In the case of Volumetric Pit 
samples taken at Bragg Creek, column three includes the distance later- 


ally from the datum point. The rest of the columns give the percent of 
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the sampled material which was retained by the various sieve sizes, 
Specific gravity tests were run on some of the material obtained 
from bed-load samplers. The specific gravity for the material was 2.64 


and 2.65 for the Elbow River and North Saskatchewan River respectively. 
4.8 Hydrophone Observations 


Hydrophone observations indicate that bed-load movement on the 
Elbow River begins when the flow is at about 900 c.f.s. On the North 
Saskatchewan River bed-load movement begins when the Hews at about 
BEOOOLC TLS: 

The attempt to relate the level of sound to a quantitative mea- 
sure of bed-load discharge failed. The reason for this failure was that 
ackineys in addition to the sound of moving bed-load, was created ostsae a 
turbulence around the hydrophone. The sound (acoustic energy) recorder 
was unable to distinquish between the sound of the moving bed-luad and 
the water turbulence. Therefore the sound recorded was a combination of © 
both water turbulence and bed-load movement. If all other sounds except 
the sounds of the bed-load movement could be filtered cut, then perhaps 


some relation between level of sound and bed-load movement could be 


drawn. 
hg Volumetric Pit Observations 


The hydrographs of instantaneous discharge on the Elbow River at 
Bragg Creek for the days when bed-load movement occurred are shown on 
FIGURES 4-30, 4-31, 4-32 and 4-33. During the first three freshets 


(FIGURES 4-30, 4-31, 4-32) the bed-load movement was so small that it 
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22 
could not be measured through the use of bed-load samplers. However, 
before and after each of these freshets the pit was surveyed and the 
amount of bed-load that moved into the pit was calculated. 

The first, second and third flood deposited 120, 65, and 80 cubic 
yards of bed-load material antorthe pit respectively. : For the last 
freshet (FIGURE 4-33) which was the major one, the pit filled up in 1 


and 1/2 days and no survey measurements were taken. 
4.10 Suspended Sediments 


TABLE IV-5, IV-6 and IV-7 show the suspended sediment observations 
which were taken at Bragg Creek, Nordegg and Wilson's Bridge. The mea- 
sured concentration (ppm) was taken at one station and was assumed to be 


the mean value for the whole section. 
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SUSPENDED SEDIMENT MEASUREMENTS 1968 & 1969 
ELBOW RIVER AT BRAGG CREEK 


DATE CONCENTRATION SUSPENDED LOAD FLUID DISCHARGE 
(ppm) | (1b/min) (Cerra) 
1968 
June 3 113 460 1,090 
125 510 1,090 
3 120 490 1,090 
3 Ls) 550 1,070 
8 543 3,100 155507 
8 320 15790 1,500 
9 219 1,220 1,500 
9 182 980 1,440 
g 155 780 1,350 
10 113 560 1,330 
13 22 (as 930 
13 18 63 930 
13 17 5g 930 
21 7 19 720 
1969 . 
May 13 53 190 958 
15 14 he 860 
16 6 15 680 
19 22 55 672 
19 23 58 672 
21 9 17 500 
25 105 4O7 1,035 
26 81 321 1,057 
26 99 po2 1,057 
27 Ze 64 782 
28 19 55 Ty 
28 22 64 771 
30 3 jl 661 
June 2 i 11 jig 
iF 34 123° 969 
6 21 Va 914 
6 h 13 881 
6 32 106 881 
9 18 57 848 
9 18 ey | 848 
13 7 e/ 650 
25 1,284 14,090 22036 
26 1,216 15,820 3,470 
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TABLE IV-5 cont. 


DATE CONCENTRATION SUSPENDED LOAD FLUID DISCHARGE 
(ppm) (Ib/min) (cif Se) 
1969 . 
June 27. 779 7,250 2,490 
a7 703 5 840 2270 
28 : 773 6,300 2,180 
30 742 9,530 | 3,430 
duly 2 501 h 520 2,410 
3 325 2,690 - 2010 
4 209 1,660 2,130 
TABLE IV-6 


SUSPENDED SEDIMENT MEASUREMENTS - 1969 
NORTH SASKATCHEWAN RIVER AT NORDEGG 


DATE CONCENTRATION - SUSPENDED LOAD FLUID DISCHARGE 
(1969) (ppm) (1b/min) (Cc. fas.) 
July 10 209 9,296 11,880 
10 200 8,896 11,880 
(ee 2hs 9,906 10,800 
12 183 7,399 10,800 
13 iS B3625 8357/0 
tr 118 3,786 : 8,570 
14 123 3,431 7,450 
14 129 3,598 7,450 
15 100 2,434 6,500 
15 98 2,385 6,500 
15 | 115 20799 6,500 
29 200 Geils Bae) 
29 181 6,309 9,310 
31 99 2,954 i978 
August 7 145 h 408 cian 9) 
7 Li 5,199 8,120 
ee 13ca. 12011). 8,130 
12 122 3,714 8,130 
14 71 1,640 6,170 
14 60 1,386 6,170 


{4 79 13625 6,170 
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TABLE .1V-/ 


SUSPENDED SEDIMENT MEASUREMENTS - 1969 
NORTH SASKATCHEWAN RIVER AT WILSON'S CROSSING 


DATE CONCENTRATION SUSPENDED LOAD FLUID DISCHARGE 
(1969) (ppm) (1b/min) (cutee) 

June 17 152 2,902 5.100 
17 21h h 086 | 5,100 

25 110 2,595 6,300 

25 117 2,760 6 300 

25 107 2,524 6,300 

July 9 86 1,642 5,100 
ee: 112 2,138 5,100 

11 159 3,661 6,150 

11 156 6 ee 6,150 

13 62 766 3,300 

13 56 692 3,300 

15 52 392 2,000 

15 8h 629 2,000 

15 55 h12 2,900 

29 92 1,516 4 400 

poe ye hOT 1,664 4 400 

31 192 3,307 4 600 

oe ¢ 166 2,859 h 600 

August 13 75 730 2,600 
13 78 iS 2,600 


13 } Sid ri 788 2,600 
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CHAPTER V 
ANALYSIS OF DATA 


5.1 Bed-Load Discharge Calculations from Bed-Load Sampling 


caer! 


TABLES IV-1 and IV-2 in Appendix A show all] the bed-load samples . 
that were taken at Nordegg and at Bragg Creek. From these samples the 
bed-load movement was determined. 

TABLE V-1 shows an example of how the bed-load discharges were 
calculated. All calculations are based on 100% sampling efficiency and 
will be adjusted to their correct Repicionhy Tater on in this chapter. 

Bed~load discharges at Nordegg and Bragg Creek were calculated — 
in the manner shown on TABLE V-1. The results of these calculations 
are shown on TABLES V-2 and V-3. The results of calculations at Nordegg 
gre plotted on FIGURES 5-1’and-5-2; The'results tend to follow two dif- 
ferent curves. One curve relates bed-load discharge to fluid discharge 
under normal conditions and the other curve relates bed-load discharge 
to fluid discharge when the river was readjusting to a channel shift. 
‘iis shows that it ts difficult to derive a accurate relation between 
fluid discharge and bed-load discharge, (FIGURES 5-1 and 5-2) for chan- 
nel shifts, bed scour and moving bed-forms can readily change this 
relation. Other parameters such as mean velocity, water depth, charge 
and grain size will be used in a later section to try to produce graph- 


ical relationships which will not be affected by channel shifts, etc. 
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TABLE,” V-1. - 


SAMPLE CALCULATIONS OF BED-LOAD DISCHARGE 
ELBOW RIVER AT BRAGG CREEK 


DATE MEAN STATION TOTAL NO, TOTAL UNIT WIDTH BED 
DISCHARGE WEIGHT OF SAMPLING BED LOAD 
(ones) OF SAMPLES TIME LOAD MOVE-_ . 

SAMPLES (min.) MOVE- MENT 
(lbs) MENT (1bs/min) 
| (ibs/min. ft) 
: (7) x (8) 
(4) = (6) 
2a EO Pek EN ees SRR RES NET RTE ik, ee ur cals 
3,000 LO -- - ee -- ~ = 
JULY 50 658 h 13025 pag ON Wao 248 
Tet 60 560 6 11.5 D5 810 2hh 
, 70 1096 9 18.75 Phchay/ vee 2 U6 292 
80 95 6 16.5 18263 «10 180 
90 -- 1 5 -- - 
964 
TOTAL BED-LOAD 
MOVEMENT = 964 Ib/min 
2,900 ho ~- = ee as 2 Be 
JULY 50 615 5 16 19.3 10 193 
Ist 60 1870 8 12 (25 76.2 10 762 
70 1088 11 24.5 222 10 yoy. 
80 366 an 8 22.9 10 229 
acs ] s } as aad areas 
a 706 
“TOTAL BED-LOAD 
MOVEMENT = 1406 Ib/min 


co en rene aA PA CIO UD EL IE I SCIOTO TC LLC LC LCD A 


Note - Bed-load discharge was calculated assuming 100% bed-load 
sampler efficiency. These bed-load discharge rates wil] 


be adjusted later on in this section. 
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TABLE V-2 


RESULTS OF BED-LOAD DISCHARGE CALCULATIONS 
. NORTH SASKATCHEWAN RIVER AT NORDEGG 


DATE NUMBER OF = TOTAL WIDTH *CALCULATED MEAN 
SAMPLES IN OF BED-LOAD FLUID 
CALCULATIONS ‘cue at, DISCHARGE DISCHARGE 
. J aa eet Pp lb/mink.. (ef -ss). 
June 24 22 140 495.9 10,358 
July 8 10 100 166.6 11,700 
9 10 60 92.0 11,400 
10 13 80 66.2 11,900 
11 14 60 120.9 12,300 
12 ip 55 70.8 10,800 
13 13 50 66.9 8,570 
14 12 20 ti32 7,450 
29 12 100 293.8 9,310 
30 13 80 108.6 8,317 
August 7 16 110 189.7 8,120 
8 6 100 313.0 9,166 
12 15 100 13535 8,150 
13 12 85 897.9 6,800 
80 100.4 6,169 
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* Assuming bed-load sampler efficiency of 100% 


TYPE OF 
SAMPLER 


es 


z'' Mesh 
&'' Mesh 
z'' Mesh 
1 


Z'' Mesh 


it"! Mesh 


%'' Mesh 
4'' Mesh 
t'' Mesh 
E'' Mesh 
x!’ Mesh 


qt & 4! 


Basket 


z!! E 3! 


Basket 


£!' Mesh 


on mm 


Basket 


Basket 


Basket 


Basket 


Basket 


Basket 
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TABEE ~ V-3 


RESULTS OF BED-LOAD DISCHARGE CALCULATIONS 


ae 


DATE NUMBER OF TOTAL WIDTH 
SAMPLES IN OF 

CALCULATIONS MOVING STRIP 

eee Ath iene turbo o. 

June 25 11 ho 
June 26 11 30 
June 27 oe 50 
26 50 
June 28 a2 50 
June 30 te ho 
June 30 26 50 
July 1 26 ko 
July 1 29 LO 
uly 2 DD 50 
July 3 28 50 
July 3 15 40 
July 4 27 50 
5 19 50 


July 


orerecers 


* CALCULATED 
BED-LOAD 
DISCHARGE 


Ob/min) = 


976 
902 


UR AG) 
"562 


ELBOW RIVER AT BRAGG CREEK, 1969 


DISCHARGE 


S 


MEAN 
FLUID 


ae 


2,900 
3,200 


2,400 
2,200 


2250 
3,360 
3,180 


* Assuming bed-load sampler efficiency of 100% 
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TYPE OF 
SAMPLER 


Mesh 


Mesh 


Mesh 
Mesh 


Mesh 
Mesh 


Mesh 


Basket 
Basket 


Basket 
Basket 


Basket 


Basket 
Basket 
Basket 
Basket 


Basket 
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The results at Bragg Creek (shown on TABLE V-3) are plotted on | 
FIGURE 5-3-A. The wide scatter is due to fluctuations in bed-load move- 
ment. These fluctuatftons are evident even when fluid discharge is rela- 
tively constant. An illustration of how WE yee discharge, calculated 
from bed-load samplers, fluctuates with time is shown on FIGURE 5=3-B, 
In an effort to even out the fluctions and obtain a correct average result, 
the bed-load discharge samples. taken in 1967, 1968 and 1969 were grouped 
into large fluid discharge ranges. -A mean fluid discharge for each dis- 
charge range.was weighted according to the sampling time. TABLE V-4 shows 
how the weighted mean fluid discharges were obtained. Once the weighted 
mean fluid discharges were calculated, bed-load discharges were again 
calculated in ae manner ee in TABLE V-5 and these results are summarized 
on TABLE V~6. These results were plotted on arithmetic and hea paper 
and are shown on FIGURES 5-3 and 5-4 respectively. The arithmetic plot 
of FIGURE 5-3-C shows that by taking discharge ranges in which there are 
numerous bed-load samples, the scatter caused by fluctuations in bed~load 


movement can be reduced. 


5.2 Analysis of Particle Size 


TABLES IV-3 and IV-4 show the particle size distribution for the 
various types of samples taken at Bragg Creek and Nordegg respectively. 
FIGURE 5-5 is a plot showing the average size iietan (oto for four 
stations at Bread Creek where the samples were bony with the 1/4 inch 


mesh basket sampler. As the distances from the left bank increase, so 


do the particle sizes (see FIGURE 5-5). This increasing in size as 


distance progresses from the left bank, occurs only for a short distance. 
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# 


(1) 
DISCHARGE 
RANGE 


(of Js.) 


1400 
1900 


1900 


2400 


2400 
2900 


2900 


3400 


TABLE V-4 


CALCULATION OF MEAN DISCHARGES 
ELBOW RIVER AT BRAGG CREEK 


(2) 


MEAN DISCHARGES 

SAMPLES WERE 
TAKEN. AT 
(olive 


1,400 
1,490 
1,560 
1,630 
TOTAL 


1,900 
2,000 
2,100 
2,100 
2,200 
2,200 
2,250 
TOTAL 


2,400 
2,450 


2,900 
2,900 
3,000 
3,180 
3,200 
3,360 
TOTAL 


(3) (4) 
TOTAL COLUMN #2 
SAMPLING x COLUMN #3 

TIME 
125 iby ee Kos 
85 127 x 102 
257 399 x 102 
285 hh x 102 
POT as Aa a a 
60 114 x 103 
151 302 x 102 
9h 197 x 10° 
203 426 x 102 
95 209 x 102 
155 341 x 10? 
108 243 x 102 
B66 1,832 x 103 
60 174 x 103 
37 107 x 102 
62 186 x 102 
62 197 x 102 
h8 1531% 10° 
fae hn Tipo tee 
283 864 x 103 


(5) 
MEAN DISCHARGE 


TOTAL OF COL. #4 


TOTAL OF COL. #3 


ce eneeey me ter 


1,165 x 103 be 
/52 
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864 x 103 eo 
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TABLE 9 V=5 


SAMPLE CALCULATIONS OF BED=-LOAD DISCHARGE 
ELBOW RIVER AT BRAGG CREEK 


DATE DISCHARGE STATION TOTAL WEIGHT TOTAL BED-LOAD 
RANGE OF SAMPLING MOVEMENT 
ALL. SAMPLES TIME 
MN ee bs) min ee) 
1,960 ho ~-" -- -- 
50 2,569 W355 97.4 
60 4659 218.5 106.8 
2,400 70 2,351 198.0 59.4 
80 1,573 | 161.0 48.9 
90 630 1180 23.6 
100 ~- -- 336.1 
TABLE V-6 


SUMMARY OF RESULTS OF 
BED-LOAL DISCHARGE CALCULATIONS 


ELBOW RIVER AT BRAGG CREEK 


MEAN DISCHARGE TOTAL BED-LOAD MOVEMENT 
DISCHARGE RANGE . SAMPLING BASED ON SAMPLER 
. TIME EFFICIENCY = 100% 
(SRO e © Pape (ore ee (min) . (1b/min) 
1550 1,400 
752 T4264 
1,900 
2,120 1,900 
866 336.1 
2,400 
2,425 2-400 
285 651.3 
2,900 
,050 2,900 
pen? 283 1.09720 


3,360 
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and then the particle size remains constant. This is probably a result 
of some complex river sorting process. 
FIGURE 5-6 shows the average grain size distribution at Stations 
50 and 70 based on 6 excavated samples taken from the Volumetric Pit at 
Bragg Creek. From FIGURES 5-5 and 5-6 the following median diameters were 


taken to represent bed material size at Bragg Creek. 


Station Median Diameter 
50 O75 7 inches: 
- 60 1.00 inches 
70 1.50 inches 
80 1.5 inches 
90 ie) inches 
100 5 inches 
120 LS inches 
130 [peste inches 


FIGURE 5-7 shows the grain size curves on the North Saskatchewan 
River at Nordegg for the following samples: 

1. Average of all Excavated Samples. 

2. Average of all 1/4 inch Mesh Basket Samples. 

3 Average of all 1/2 inch Mesh Basket Samples. 

k, Average of all V.U.V. Samples. 

Whether or not a sorting process similar to that at Bragg Creek 
was occurring could not be determined at Nordegg. The reason being 
that there were an insufficient number of bed-load samples. taken for 
size analysis at each station. Therefore an average median diameter 


(based on FIGURE 5-7) for bed-load discharge was taken to be about 0.75 


inches. 
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ae 


5.3 Comparison of Size Distribution between Bed-Load Samplers 


At Bragg Creek on the Elbow River most of the sampling was done 
with the 1/4 inch mesh basket. At Station 60, bed-load sampling was 
also done with the V.U.V. sampler. The grain size curves for the samples 
obtained with the 1/4 inch mesh basket and the V.U.V. are shown on 
FIGURE 5-8. There is.only a small difference in size distribution and 
the mean diameters of both curves are practically the same. 

On the North Saskatchewan River at Nordegg neeeate samples were 
taken with the three different bed-load samplers. Most of these samples 
were taken at Station 120, because at this station there was always bed- 
load movement and the crane could easily be maneuvered into position. 
FIGURE 5-9 shows the average grain size curves for samples collected 
with the three samplers at Station 120. There Is practica 
ferences in etn: between the different samples. FIGURE 5-10 shows the 
average grain size curves for the different samplers at Station 120 over 
a time period when there was little or no change in fluid discharge. 

The grain size curves in this figure are again similar. 

FIGURES 5-8 through to 5-10 all tend to show that there Is 
practically no differences in grain size distribution or actual grain 
size between the samples obtained with the different bed-load samplers. 
The very smal] differences that do occur are that the V.U.V. traps 
slightly more fines than the 1/2 inch or 1/4 inch mesh basket and the 
1/4 inch mesh basket traps slightly more fines than the 1/2 inch mesh 


basket. Possible explanations for the lack of size differences between 


the samples obtained with different samplers are as follows: 


(1) In the V.U.V. sampler, fines that first enter the sampler, 
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35 
clog the screens and cause a change in the flow pattern. 

This change in flow pattern increases the turbulence within 
the Sonn Tet and eaubes the fine particles to go into suspen- 
sion. These fines are then washed through the. sampler and 
do not enter into the trapping section. This could cause a 
size distribution similar to that trapped by the 1/4 inch 
mesh basket. 

(2) The 1/2 inch mesh basket sampler trapped slightly fewer fines 
than the 1/4. inch mesh basket sampler because. the particles 
that are first caught in the 1/2 inch mesh sampler act as 
screens that trap smaller particles. 


5.4 Comparison of Relative Sampling Efficiencies for Different Bed-Load 
we peSeranre ep emP lela. ; 


2 PRA RE RET RN AT AN NE i RN pe a a an ern oe ee 


One or two stations at each site (Bragg Creek and Nordegg) were 
selected for calculating the different efficiencies between bed~load 
samplers, 

At Nordegg, Station 120 was sampled extensively with the V.U.V., 
1/2 inch and 1/4 inch mesh basket samplers. Relative efficiencies pe 
calculated by taking the results of bed-load sampling at Station 120 for 
die dates July 31, August 7, 12, 13 and 14, 1969. The fluid discharge 
range during this sampling was from 6,000 - 8,000 c.f.s.; therefore 
because of the small fluid discharge range the bed-load discharge rate 
should be fairly constant and not affect the relative efficiencies. 
Since the bed-load rate would not vary enough over the above mentioned 
days, it was assumed that relative efficiencies would be fairly constant. 


The weight of the samples and the sampling time of each sampler taken at 
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Station 120 during the duration of the above days were added together 


and an average bed-load rate obtained (see TABLE V-7). The 1/4 inch 


mesh sampler was assumed to have 100% efficiency in order to compare the 


other samplers to it. 


TABLES V-/ 


COMPARISON OF BED-LOAD SAMPLER EFFICIENCIES 
NORTH SASKATCHEWAN RIVER AT NORDEGG, 1969 


Discharge rate 


Station 120 


6,000°-—6,000 c.f .s. 


Dates on which samples were taken - July 31, August 7, 12, 13 
14 
SAMPLER TOTAL WEIGHT TOTAL NUMBER — BED-LOAD RELATIVE 
OF SAMPLES SAMPLING OF DISCHARGE EFFICIENCIES 
TIME SAMPLES RATE 
G1 Eemeens (uaa era | cralaaeen we 
i!" Mesh Basket 25/5 486 19 2.62 100 
$"" Mesh Basket 1,815 230 q 3.95 136 
VUV 397 130 7 2.04 72.6 
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At Bragg Creek two different samplers were used at the same 


station on the same day. 


The results of this sampling is shown on 


TABLE V-8. The 1/4 inch mesh sampler is again assumed to have an effi- 


ciency of 100% for comparison purposes. 
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TABLE V-8 


COMPARISON OF BED-LOAD SAMPLER EFFICIENCIES 
ELBOW RIVER AT BRAGG CREEK 


DATE STATION SAMPLER TOTAL TOTAL BED-LOAD RELATIVE FLUID 
TYPE WEIGHT SAMPLING DISCHARGE EFFICIENCIES DISCHARGE 
OF TIME 
SAMPLES. 
Vet) ((1bs) °° (min) °° (ibs/min ft ere se) 
June 
27 50 4! 300 20 7.5 100 2,200 
VUV 115 14 5.12 68.2 
July 
3 50 yu 1,185 4h 13.45 100 2,200 
VUV 245 25 6.54 48.6 
July 
3 60 4! 1,309 84 7.79 100 2,100 
| VUV 106 15 4.7 60.5 
July 
3 60 Zz" 559 h2 6.68 100 2,100 
VUV 361 35 6.88 103 


At Bragg Creek the efficiency of the V.U.V. sampler when compared 
to the 1/4 inch mesh basket has a range from 48.6% to 103%. (See TABLE 
V-8). The reason for this could be that the fluctuation of bed-load 
discharges have been such that a representative value of bed-load-dis- 
charge has not yet been obtained. In other words, there were not enough 
samples taken on each of the above days to average out the fluctuations 


and arrive at an accurate mean. Since there is only a small difference 
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in fluid discharge between the days shown on TABLE V-8, the hydraulic 
parameters should be approximately the same for each day and because of 
this the samples were added together for each station. The result is as 


shown on TABLE NV =08 


TABLE \V-9 


COMPARISON OF BED-LOAD SAMPLER EFFICIENCIES 
ELBOW RIVER AT BRAGG CREEK 


(Samples taken on July 27 and July 3, 1969) 


STATION SAMPLER TOTAL WEIGHT TOTAL BED~LOAD RELATIVE FLUID 


OF SAMPLES SAMPLING DISCHARGE EFFICIENCY DISCHARGE 
| TIME 
CER Tet SS ee Seed oe ee 
50 ye 1,485 6h 10.60 100 2,200 
vuV 360 39 ae 53 2,200 
60’ Based dH 1,868 126 7.42 100 2,100 
vuV 467 50 6.22 8) 2,100 


To arrive at one comparable efficiency for each sampler the 
results at Nordegg and Bragg Creek were averaged together. This may be 
incorrect since the comparable efficiencies may change with hydraulic 
and sediment parameters. Therefore, the relative efficiencies given 
below will be taken to mean that over a large discharge range the 
relative efficiencies average out to be as follows: 

1/4 inch mesh basket 100% (assume for comparison sake) 


1/2 inch mesh basket 136% 
VU 704 
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A possible explanation for the high efficiency of the 1/2 inch 
mesh basket could be that the larger mesh offers less resistance to flow 
and thereby has a better efficiency than the 1/4 inch mesh basket. 

The V.U.V. is less efficient because the fine particles which 
enter the sampler clog the screens and prevent water bearing sediment 


from entering into the sampler. 


2.2 Volumetric Pit Analysis at Bragg Créek 


The volumetric pit was described in section 3.5 and 4.9. FIGURES 
4-30, 4-32 and 4-33 show the 1969 instantaneous hydrographs of flows 
above competent conditions which deposited 120, 65 and 80 cubic yards of 
material into the pit respectively. In 1968, two freshets occurred in 
which the flows were above competent conditions (Hollingshead 1968). The 
freshets had a maximum instantaneous discharge of 1,600 c.f.s. and 
1,300 c.f.s. and filled the pit with 550 and 172 cubic yards of bed-load 
material respectively. 

Based on the assumption that the pit was 100% efficient at 
trapping all the bed-load ie ehansel a bed-load discharge vs fluid dis- 
charge curve was constructed by trial and error from the data obtained 
in 1968 and 1969. FIGURES 5-3 and 5-4 show this curve on an arithmetic 
plot and log-log plot respectively. Since this curve was constructed 
from fluid discharge data up to 1,600 c.f.s., it is only accurate up to 
that point. 


No results were obtained from the main freshet of 1969 because the 


pit could not be measured at high flows. 


et | AY rh 
isa) SN arts) 15 yonsial Fie fei! sits. 70 nel dans Vanes S) rane 
a an 
int? of Spaniels) Vest iste Neer ne VSI: ont ad od 208 
Wie ww es = = 
sd Aazah daa BX) SA9, ee “ Nps TS e435 740: 6. ott Y 
Gate i ~ 
; 4a aPpaltts 229 i Wd 
1 rly St wit 23 we 25 ne pat ” 
Wi 
: IE sHiseyvsS 1657 72,9ng eof vatonnee 
2 3 ve neg le 
ralanee Sila ging ents 
- ~" \ bark vi4 eH rei y Se }. $ j 
‘ 
Gt - |i épw tg yi tor Tey 
= & _ di wére2 Fe~t O06 
‘ 0} (fw. enol? ronwds ese 
mar 8 ' signy! hq, oes orm 
eee — 
= <2 bnés- Ins sa avedde ove awenl? ; 
ih ie Te 
J5 00045 enbiseds eeoanetnari gn me a 5 ae 
eV icbre e of halhi3 wae \ Ae 
Ny 
+. 
-ytev Hapaqpen oo 
ys od 
: ¢ : 
Tis Got wo fig Sat! J6ny notgemees ans no hees® 
wih hioli evreptedseib beol-bed o yepisive 1b, bept=bed ci 4 = he 
ion is-eisb ent worl Toviesbrsc- sin: 1 3o5 nig eed 2615 evtwd te 
sist! ts fe (Oo availa eh? rie hae Das c~2 23ers abet heat ii. 
7 be PN tec0D 26w SvIls efAl abate view) Tasq2e" ele eatsgol 8 
. 
Oo, at queetawose (fhe 2 33,.02.7,9°008,1 ot qu sist agiadsate 
: 7 ‘ hy S 5 ' - on ~ | 
a 
: _ ; 
os ~ ee aise 
nas s2u63ed ees +6 soitean? niet Srl) mort benierdd siawiaal oe 


f 
. 


ik ¥. 
Jone 


et 


®. 


yy + 


b oo S&S 


a 


, avert net 16 bemuaeem ad 


ae _ 


4 7 


40 


56 Actual Efficiencies of Samplers 


FIGURES 5-3 and 5-4 show the bed-load discharge at Bragg Creek 
(obtained by assuming that the 1/4 inch mesh basket was 100% efficient) 
and the actual bed-load discharge (obtained from volumetric pit calcula~ 
tions). From these figures the apparent efficiency of the 1/4 inch mesh 
-basket was determined for fluid glsCiarces up, to: 1600 /¢.%.s.-sandnis 


shown itn TABLE V-10. 


TABLE V-10 


1/4" MESH BASKET SAMPLER EFFICIENCY 1969 


FLUID DISCHARGE EGRIC LENCY. MULTIPLICATION 
Be eee a ee Oe 
1,260 0 oo 
1,400 35 2.9 
1,600 ko Le 


NOTE: Multiplication factor is the factor by which the - 
measured bed-load discharge is multiplied by to 
obtain the actual bed-load discharge. 


Hollingshead for the 1968 study, eeaaen efficiency of 32% when 
the fluid discharge was 1,400 c.f.s. This compares well with the efri- 
ciency of 35% shown in. TABLE V-10 for the same fluid discharge. The 
actual bed-load movement above 1,600 c.f.s. is unknown. If the actual 


peysysad discharge curve of FIGURE 5-3 was extended for higher discharges 
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it would cross the measured bed~load discharge curve. This would mean 
that the 1/4 inch mesh sampler would have to have an efficiency of 
greater than 100% at high fluid discharge. No data is available to 
prove or disprove it, and until it is actually known ene bed-load 
discharge varies with high fluid discharges an overall efficiency wil] 
have to be used. The overall efficiency of 45% was applied to the 1/4 
inch mesh basket samples based on the obtained efficiency of 45% when 
the fluid discharge was 1,600 c.f.s. at Bragg Creek and on the effi- 
clency of 45% reported by Hubbel, 1964. FIGURE 5-3 shows the actual bed- 
load discharge at Bragg Creek obtained from the volumetric pit and ech 
the 1/4 inch mesh basket samples using an efficiency of 45%, 

FIGURE 5-1 shows the actual bed-load movement at Nordegg obtained © 
from applying an efficiency of 45% to the 1/4 inch mesh basket. 


! 


If the actual efficiency of 1/4 inch mesh bas 


cet is 45% then from 
the previous section on relative efficiencies, the actual efficiencies 


of the other samplers are approximately as follows: 


Sampler Relative Actual 
Efficiency Efficiency 
1/4 inch mesh basket 100% 15% 
1/2 inch mesh basket 136% 60% 
vse; 70% 30% 


5s/ (Analysis of Suspended Sediment 


TABLES IV-3, 1!V-4 and IV-5 show the results of suspended sediment 
measurements taken at Bragg Creek, Nordegg and Wilson's Bridge respec- 
tively. FIGURES 5-11, 5-12 and 5-13 show the relationship between 
suspended sediment and fluid discharge for the Elbow River at Bragg 


Creek and at Nordegg and Wilson's Bridge on the North Saskatchewan River. 
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The relation between suspended sediment discharge and bed-load 
discharge for Bragg Creek and Nordegg its shown on TABLES V-11 and V-12 
respectively. 

For the Elbow River at Bragg Creek the bed-load discharge was an 
average of 18% of the suspended load for fluid discharges above compe- 
tent conditions. At Nordegg the suspended sediment in the river could 
have been higher than normal fecauce of ferences wash load due to 
clearing operations upstream on the Big Horn Damsite. The avérage ratio 
of bed-load is suspended load for flows above competent conditions was 
about 12%. 

The sediment yield was calculated at Bragg Creek, Nordegg and 
Wilson's Bfidge using the relation between suspended sediment discharge 
versus fluid discharge and flow duration curves. Sediment yield results 


are as follows: 


Location Sediment Yield 


Tons/Square Mile/Year 


Elbow River at Bragg Creek 180 
North Saskatchewan River at Wilson's 

Bridge | Zu 
North Saskatchewan River at Nordegg 213 


5.8 Effect of Channel Shift at Nordegg 


The channel shift occurred over a period from June 30 to July 10, 
1969. The effect of the channel shift was that the bed-load discharge 


diminished appreciably as can be seen on FIGURE 5-2 curve #1. FIGURE 
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TABLE Y-]1] 


RELATION BETWEEN SUSPENDED SEDIMENT 
DISCHARGE AND BED-LOAD DISCHARGE 


ON 


NORTH SASKATCHEWAN RIVER AT NORDEGG 


(u) | (w) 

FLUID DISCHARGE SUSPENDED SEDIMENT BED-LOAD DISCHARGE © w/u 
ee ial ni) 
000 | 530 nS ie 5.5 
5,000 980 | 67 6.8 
6,000 1,600 130 7 mh 
7,000 2,500 235 Pgh 
8,000 3,500 | 385 ~ Wa 
9,000 4 900 600 ¥en 
10,000 6,600 : 900 13.6 
11,000 8 500 1,250 14.7 
12,000 10,800 1,700 SHBG 


13,000 | 154200 2250 20. = 
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FLUID DISCHARGE 


(e, frst). 


errr ore eee meee ee 


800 

900 
1,000 
1,100°. 
1,200 
1,300 
1,400 
1,500 
1,600 
1,700 
1,800 
1,900 
2,000 
2,100 
2,200 
2,300 
2,400 
2,500 
2,600 
2,700 
2,800 


TABLE’ V=12 


RELATION BETWEEN SUSPENDED SEDIMENT 
DISCHARGE AND BED-LOAD DISCHARGE 


FOR 


ELBOW RIVER AT BRAGG CREEK 


| (u) 
SUSPENDED SEDIMENT 
e(ib/min) 


55 
100 
250 

520 
780 
1,050 
1,350 
1,700 
2,050 
2,500 
3,000 
3,500 
4 000 
600 
5,200 
6,000 
6 600 
7,400 
8 200 
9,200 
10,000 
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BED-LOAD DISCHARGE 
_(ib/nin) 


renner orem, 


(w) 


0 

20 

50 
105 
140 
170 
210 
250 
320 
400 
500 
600 
700 
840 
1,000 
ASO 
1,340 
1,600 
1,800 
2,100 
2,400 
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5-2 also shows that during the channel shift, when the fluid discharge 
varied there was little change in bed-load discharge. Another effect of 
the channel shift was that the moving strip of bed-load discharge became 
narrower and shifted towards the left bank. 

FIGURE 4-14 shows the channel cross-section adjacent to the 
Nordegg Bridge on various dates. The July 8th cross-sections were taken 
at the time of the channel shift. At this time, there was a low fluid 
discharge, the river bed had scoured down more than at any other time. 
It would appear that, the scour was a result of the normal bed-load dis- 
charge being deposited somewhere upstream and the river downstream 
trying to regain its bed-load discharge by scouring the bed. 


5.9 Comparison of Sampling Procedures from a Cableway and from a Road 
Bridae 
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Generally, sampling from the cableway at Bragg Creek was twice as 
fast as With crane equipped truck at Nordegg Bridge. Using the cable- 
way, Phewaver sce time required to raise a basket sampler, weight his 
remove sample and return the sampler to the river bottom is. about two 
minutes. A V.U.V. sampler takes about four minutes. 

In comparison, it seems that the crane equipped truck is ineffi- 
ereneh however, the Nordegg Bridge is at least twice as high as the 
Bragg Creek cableway from the water surface and it is necessary to 
maneuver the samplers through the Nordegg Bridge columns. The advantages 
of the crane equipped truck were the ease of operation, the portability 
of the machine, its large capacity and the fact that the technicians 


could be doing other jobs while the sampler was in the water. 
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Ba 0 Calculations of Bed~Shear Stress at Bragg Creek 


FIGURES 4-19 through to 4-27 show the velocity profile on semi- 
log paper for depths withtn 1 foot of the bed. The velocity profile can 


be represented by a non-dimensional velocity equation: 


=A log Y_+B 
a ks 


<|< 


Where V is the velocity at a distance y from the bed, ks is 
iicaise's sand grain diameter and A and B are constants. The usual 
value of A equal to 5.75 was used to calculate Vie. The value of ke and 
B need not be known when calculating Vx. Once Vs Is calculated bed- 
Shear stress (ro) is equal ta yVx*. Bed-shear was calculated for fluld 
discharges equal to 880, 1,090 and 3,290 c.f.s. TABLE V-13 shows the 
results of the calculations. FIGURES h-16, 4-17 and 4-18 show the bed- 
shear stress distribution for the different discharges. 

Comparisons of average bed-shear stress calculated from the 


formula to = yRS and the formula - = A log =o B are shown on TABLE 


V- 14, 
5.11 Statistical Analysis of Bed-Load Samples at Bragg Creek 


For each bed-load sample taken at Bragg Creek in 1969 a bed-load 
discharge was calculated using the efficiencies described in section 5.1. 
These bed-load rates were then divided according to discharge ranges and 
the stations at which the samples were taken. TABLE V-15 in Appendix A 
shows the results. The ieaerese discharges were then analyzed for their 
mean and standard deviation. TABLE V-16 shows the result. Note how the 


V.U.V. sampler always has a lower standard deviation then the basket 
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TABLE. V=13. 


CALCULATIONS OF BED-SHEAR STRESS FROM VELOCITY 
PROFILES OF FIGURES 4-20 THROUGH TO 4-28 


(to) 
FLUID DISCHARGE —= STATION SHEAR VELOCITY BED-SHEAR STRESS 
= Z Me foriseclon, abe 

880 50 5304 0.490 

60 47217 0.330 

70 661 0.848 

80 . 696 0.940 

90 673 0.879 

100 . 348 0.239 

110 619 0.744 

120 . 303 0.176 

130 .063 0.007 

AVERAGE Bho 0.5717 

1,090 50 .678 0.891 

60 636 0.940 

70 504 0.492 

80 548 0.583 

90 603 6.705 

100 LS6 0.404 

110 64:9 0,816 

120 AL 0.376 

130 40, 0.311 

AVERAGE 0.553 0.613 

3,290 50 1.183 2.300 

60 SU EtS. Ae: 

70 814 1.284 

80 aa iS 986 

90 . 609 884 

100 . 809 1.270 

110 .675 .885 

120 1.030 2.060 

130 704 2.96). 

AVERAGE 0.831 3/1 
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TABLE V-14 


COMPARISON OF BED-SHEAR STRESS AS 
CALCULATED BY TWO DIFFERENT METHODS 


ELBOW RIVER AT BRAGG CREEK 


FLUID DISCHARGE AVERAGE BED-SHEAR _ AVERAGE BED- 
STRESS FROM VELOCITY _ SHEAR FROM 

PROFILE (TABLE V-14) To =. yRS 

(ie/ tt) (1b/ft2) 

880 NUM = 0.669 

1,090 5613 = 0.855 
3,290 e373 1.520 

NOTE - These average bed-shear stresses refer to the whole - 


cross-section. 
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TABLE V-16 


THE MEAN AND STANDARD DEVIATION OF BED=-LOAD 
SAMPLES TAKEN AT BRAGG CREEK 


DISCHARGE STATION 


RANGE 


PACTS). < 


2050-2400 


2400-2750 


2750-3100 


2750-3100 


3100-3500 


itis aa 


50 


50 


60 


70 
80 
60 
50 
60 
70 
5G 
50 
60 


70 
80 


SAMPLER 


7 ke 


th! 
ye 


he 


V/s 
1/4 
1/4e 
1a 
1h 


L7a" 


We 
1/4" 
1/4" 
1/4" 


eer re 


VeUv: 


Mesh 


Basket 


Via. 


Mesh 
Mesh 
Mesh 
Mesh 
Mesh 
Mesh 
Mesh 

fesh 


Mesh 
Mesh 


Mesh 
Mesh 


Mesh 


Basket 


Basket 


Basket 


Basket 


Basket 


Basket 


Basket 


Basket 
Basket 


Basket 


Basket 


Basket 
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NUMBER OF 
SAMPLES 


10 
25 


17 
50 
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50 
samplers. This should mean that when using basket and V.U.V. bed-load 
samplers, the V.U.V. should require fewer samples in order to obtain a 
representative peat 


5.12 Coopér-Peterson Analysis 


SSA sath ese 


The work done by Cooper and Peterson (1968) was described in 
section 2.3. For this analysis the curves developed by Cooper~Peterson 
relating v2/ (Gs - 1)gh, h/D50 and © tere used. Note that C (concentra- 
tion) used in these curves, represents the concentrdtion of sediment due 
to bed material discharge. In order to determine bed material discharge 
from the sampled streams, suspended sediment and bed material must be 
analyzed for size. No size analysis was done on the 1969 suspended sedi- 
ment samples, therefore the results of size analysis done In 1968 study 
(Hollingshead 1968) must be used, These results (size analysis, Elbow 
River at Bragg Creek 1968) show that at a fluid discharge Of cr so OUnCuiresins 
the suspended sediment load was 904 wash load and 10% bed material load. 
Knowing the suspended sediment discharge and the bed-load discharge the. 
bed material discharge can now be determined. Therefore at a fluid dis- 
Evarce of 1,500 c.f .s., 17 the Elbow River at Bragg Creek, the bed-lJoad 
discharge constitutes 60% of the bed material discharge. At higher 
fluid discharges more of the bed material will be in suspension and 
therefore the ratio between bed-load discharge and bed material discharge 
will be lower. Because of the lack of particle size information on sus-~ 


pended sediment samples taken in 1969, bed material load for all Ftutad 


discharges could not be calculated. Therefore bed-load discharges were 


Need to determine C when calculating polnts on Cooper~Peterson curves. 
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TABLE V-17 and V-18 in Appendix A show the data obtained from 
samples taken at Bragg Creek and Nordegg respectively that were plotted 
on FIGURE 5-14. The samples that were taken on one day at one station 
were averaged together to give a more accurate mean value.of bed~load 
discharge. Concentrations for each station hake calculated from unit 
bed-load discharge divided by unit fluid discharge. The mean velocity, 
feo and mean diameter are also given on TABLES V-17 and V-18. 

The field samples were grouped together into ranges of h/D50 and 
an average h/Ds5g obtained for each range as shown on the legend of FIGURE 
5-14. For each averdue h/D50 a line was interpolated from Cooper- 
Peterson curves and plotted on FIGURE 5-14. Therefore, the plotted 
points represent field data for each average h/D5o9 and the lines repre- 
sent’ curves eects from Cooper-Peterson's analysis for each’ 
average h/Dgo. 

The plot of FIGURE 5-14 shows that there is good correlation 
between Cooper-Peterson curves and field data, when h/D50 is from 10 to 
90. Beyond h/D59 value of 90 the curves give higher bed-material trans-~ 
port rates then measured bed-load discharge. The reason for this could 
be one or any combination of the following: 

(1) As h/D5q increases the amount of bed material that goes into 
suspension increases and causes the ratio between bed-load 
discharge and bed material aigehsede to decrease. 

(2) Not a large enough supply of bed-load material to meet 
hydraulic conditions. 

(3) Incorrect sampler efficiencies. 


(4) Non-uniform sampling measurements. 
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CHAPTER VI 
CONCLUSIONS AND RECOMMENDATIONS 
(Se CIES OUR) 


From the observations of Chapter IV and the results of Chapter V 
following RAL Ne TORS have been drawn. 
The bed-load movement at fluid discharges between 800 c.f.s. and 
1,500 c.f.s. in the Elbow River at Bragg Creek is known from the 
results of the 1968 and 1969 volumetric pit. 


The efficiency of the 1/4 inch mesh basket sampler on the Elbow 


River at Bragg Creek fs shown below for the various fluid discharges: 
Efficiency Discharge (eof sa) 
0% 1,200 
352 1,400 
15% 1,600 


For fluid discharges above 1,600 c.f.s. the actual] bed-load discharge 


is unknown. In order to estimate bed-load discharge at higher fluid 


discharges, an efficiency of 45% for the 1/4 inch mesh basket was 


‘assumed, 


The comparable average efficiencies of the three bed-load samplers 


are as follows: 


Sampler Efficiency 

1/4 inch mesh basket h5% 

1/2 inch mesh basket 60% 
V.ULV. 30% 
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These are approximate and may only apply to the two sites studied 
and over a very limited range of flows. 

(4) A large Syentese OF bed-load eereles are required for quantitative 
analysis because of the large time-wise Fluctuations of transport 
rates. 

(5) There is practically no difference tn particle size distribution 
between bed-load samples taken with the 1/2 inch mesh eee the 
1/4 inch mesh basketeand the V.U.V. sampler, when the fluid discharge 
is constant and the samples are taken from the same station. 

(6) There is a variation of the median bed-load particle size at Bragg 
Creek across the section on which sampling was carried out. 

(7) Bed-load movement begins on the Elbow River at Bragg Creek at about 
800 c.f.s. and bed-load measurements with samplers can begin at 
about 1,300 c.f.s. Therefore, there are about 10 days a year on the 
average when sampling can take place. 

(8) Bed-load movement begins on the North Saskatchewan River at Nordegg 
at about 3,000 c.f.s. and measurements with bed-load samplers can 
begin at around 5,000 c.f.s. Therefore, there are about 90 days a 
year on the average when sampling can take place. 

(9) Channel shifts, like the one that occurred upstream from Nordegg 
Hypnos the North Saskatchewan River have a large effect on the 
movement of bed-load. 

(10) The ratio of bed-load discharge to suspended sediment discharge for 
flows above competent conditions average about 12% at Nordegg and 


19% at Bragg Creek. 


(11) The sediment yield at Bragg Creek on the Elbow River, at Nordegg on 
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54 
the North Saskatchewan River, and at Wilson's Bridge on the North 
Saskatchewan River ts 180,. 212 and 217. tons per ee mile per year 
Peer orvely, 

The time required between the end of a bed-load sample and the start 
of a new sample ts roughly 2 minates wien usThg a cablecar and 4 
minutes when sampling from a bridge with a truck operated crane. 
These he are for basket samplers and should be doubled when using 
the V.U.V. sampler. 

Comparison of measured bed-load discharge with estimates of bed 
recone discharge taken from curves of Cooper-Peterson (1968) shows 
that there is a reasonable agreement when h/Dso is from 10 cto1g0; 
Above the h/D50 value of 90 the bed-load charge estimated from the 


curves is larger than results obtained by bed-load samplers. 
Recommendations 


Some method of surveying a large volumetric pit Is ear teee when 
flows are high. its is required so that actual bed-load rates at 
high fluid discharge can be compared with that obtained with bed- 
load samplers. One possible method would be the use of six or more 
cableways strung across the pit. 

Since the truck used has a crane capacity of roughly a ton, bed-load 
samplers should be made larger, so that the combined weight of 
sample collected plus sampler would be about 1500 lbs. This sampler 
would produce a more confident mean, because the longer sampling 
time would average out more of the fluctuations in bed-load movement. 


Sampling should continue at one station over periods’ of days, so 
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D5 
that a record of bed-load discharge fluctuations can be obtained. 
Once these are cree these results should be analyzed statist!- 
cally so that Bone conf tdence limit can be acer on-our mean value 
of bed-load discharge. Statistical analysis of results would also 
show how many samplers are Peeut red to produce accurate results. 
Bed-load sampling in a gravel river where channel shifts may occur, 
produce dies tanaka tent lese Therefore, if at all possible, 
future locations should be in areas where the channels cannot shift. 
In order to correlate the evel of sound created by peqvend move- 
ment to a quantitative measure of bed-load discharge, a hydrophone 


should be designed so that all unwanted sounds can be filtered out. 


= 


t_hod “ign ae & ‘p 


_ , — 
sop 


1 


bdntete ae eee 


una. Vese) Cay 


LIST OF REFERENCES 


Cooper, R. H. and Peterson, A.W., 1968 - "Analysis of Comprehensive 
Bed~Load Transport Data from Flumes", A.S.C.E. Hydraulics 


Specialty Conference M.I.T. 


hollingshead, A. BES 1968 - "Measurements of the Bed-Load Discharge of 
the Elbow River", M.Sc. Thesis, University of Alberta. 


‘ 
' 


Hollingshead, A. B., 1968 - ''Sediment Transport Measurements Elbow River 


at Bragg Creek'', Internal Report, Research Council of Alberta. 


Hubbel, D. W., 1964 - "Apparatus and Techniques for Measuring Bed-Load", 
Geological Survey, Water Supply Paper 1748, U.S. Government 


Printing Oftice. 


Jarocki, Walenty - "Correlation between the Quantity of Bed-Load and 
Suspended Load in Rivers", Archiwum Hydrotechniki, Poland, 
Vol. 14, No. 5, pp 535-570, 1967. English Translation published 


by U.SeD.C. 11-66-57039. 


Shteynman, B. S., 1966 - "Certain Patterns in the Movement of Streambed 
Sediments", Soviet Hydrology, American Geophysical Union, 


Washington, pp 650-653. 


BY 


Ree ee ee A as 
7 
é ranenas sees baer 


( oypaa tea cilebsege ee 


_~ : ny | wad t?, dad: : 

_ 

bi _* 

“ pe BAOT Ase Leste enl 
ob 205 


Pes 
1 oo OD gee 


inp tpolom 7) 


poltars 


. i , 
i i rl Wen ta J F 


al : 


a1 stifvoy ewe: ; 
Titre 


F | aye} hee Vy i 


, 
ee se ee 
® » i e 
: Ja  rmagide 
- , . c 
at 
eee Ln, 
Ss ‘ 7 - 
“a 4 i e : 
7 a 
; 7 
hd _ i r asi i 
] 7 
Pe? “Loaf : ia ; 
a ~ — 7 o > a. 


DEFINITIONS 


The fallowing definitions were used: 


Bed-Load 


Bed~Load Discharge 


Bed Material 


Bed Material Discharge 


Competent Conditions 


Freshet 


Sampling Efficiency 


Sediment (Fluvial 
(Sediment) 


Suspended Sediment 


Bed material that is transported by rolling, 
sliding or skipping Ayan the ‘bed. 

The quantity of bed-load by dry weight passing 
a given cross-section per unit of time. 

The alluvial material that makes up the stream 
bed. 

The quantity of bed material passing a given 
cross section per unit of time, and composed of 
bed-load plus bed material transported as sus- 
pended load. 

Hydraulic conditions corresponding to the first 
displacement of bed material. 

>A small flood of short duration. 

Used with bed-load samplers and defined as the 
ratio of weight of bed-load collected during a 
given sampling time to the weight of bed-load 
that would have passed through the sampler 


mouth area if the sampler was not present. 


Fragmentary material that originates from the 
weathering of rocks and is transported by, sus~ 
pended in, or deposited from, water. 


That part of the sediment discharge that is in 


suspension. 


— 


‘nemibs2” 
soit ee) 
mal 


Wash Load | That part of the sediment load that consists of 
fine grains which have washed off the drainage 


basin and are finer than the stream bed. 
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Symbo |] 


SYMBOLS 


The following symbols were used: 


Meaning 


Channel breadth 

Bed~load charge 

Particle diameter or equivalent diameter 
The specific size at which X percent of the 
total sample weight is.smaller than 
specific Gravity.of eeriment 
Gravitational acceleration 

Depth of fiow 

Equivalent sand~grain roughness 

Slope, genera] 

Velocity, genera! 

Mean velocity 

Shear velocity 

Distance from bed 

Mass density of fluid 

Mass density of solids 


Shear stress 


Dimensions 


L/12 


ABBREVIATIONS 


The following abbreviations were used: 


cubic feet per second 
Downstream 

Figure 

Feet per second 


Foot 


~ Pound 


Minute 
Station 
Upstream 
Versus 


Percent 
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TABLE V-15 


Per VEGAD «SAMPLES 
SORTED BY STATION & INCREASING DISTANCE 


SAMPLE STATION SRSA Od ld eee LL Ome ete kee ee hh 


ia): NLSCHA®GE DISCHARGE 
ee ae OMESH BASKET egy ae. 
Bt ou) 40 L174" MESH BASKET 2370 eee * Baits) See Wal 
11491 45 1/4" MESH BASKET 2205 an 
15901 59 L744 MESH RASKET 2092 bee 
15092 50 1/4" MESH BASKET 2923 Eee 
15903 5) 174" MESH BASKET 2032 2b wd 
ee ee DOAN MESH BASKET 2.033 2000 
15005 50 WA eee ASKET 8 »«|«©«|6 20a 6) A 
15006 59 1/4" MESH BASKET 2932 14.4 
J7N5 59 Ve eee 2095 Liu? 
9796 50 pa RAY 2095 re) 
9707 50 Visuite. 2095 L383 
eee ee OO CLAY MES BASKET 290 Koo ok 
13915 50 1/4" SESH BASKET 2109 See 
13907 59 Wues tee 2199 yaa hee | 
13998 50 ths mules 2190 14.8 
13909 50 yo 2109 24.4 
13910 50 Ty 10 eee e ZV 00. Peg 
es 5 NO Ve 2100 2966 
13912 50 Voeteewess | RT ey: eo: ae 
13913 50 Very 21990 OG ae 
14491. 59 1/4 MESH BASKET 2100 15.5 
14402 5N 174" MESH BASKET 2190 ary 
10701 59 174% MESH BASKET 2219 26.5 
me 40702 59 174" MESH BASKET 2219 25.5 
er Bh CLV APT MESRERASRET 0 06=—«|—- 21S 659 
10704 50 1/4" MESH BASKET 2219 B38 
19795 59 1/4" MESH BASKET 2233 Las? 
9704 50 174" MESH BASKET. 2261 557 
13901 50 1/4" MESH BASKET 2279 21.6 
ee DS oo FEU Peon BASKET weTO 3631. 
13903 59 L/4" MESH BASKET 2270 2944 
13904 59 1/4" MESH BASKET 2270 17:0 
13905 5) 1/4" MESH BASKET A270 Died 
13.906 50 1/4 MESH BASKET 2270 38.2 
19706 50 1/4" MESH BASKET 2330 19.0 
4 9702 50 1/4" MESH BASKET 2395 16.5. 
es NM OS)lh0!™C™:C«CGLU!™C« AY MESH BASKET 2395 18.5 
10707 59 1/4" MESH ‘BASKET 2419 Pe 
9701 50 1/4 MESH BASKET 2455 25.25 
13301 50 1/%" MESH BASKET 2493 OL 
13301 59 1/4" MESH BASKET he Ol 
2 9003 50) 1/2" MESH BASKET. 46. SRAM. 
teen5 50 Ash? MESH BASKET 2876 2.9 
900? 50 1/4" MESH BASKET 2890 - 1606 
9901 59 1/4 MESH BASKET 2970 44 
12801 50 1/4" MESH BASKET 2997 53.3 
12802 50 1/4" MESH BASKET 2997 16.6 
17293 59 1 /4MUNEOM DASKET eae 220 
— y>oRO4 Cot 59 ae lof MESH RASK ES 2997 bPre 
sees oY 50 1/4" MESH BASKET 3102 cere | 
12203 5A jf 4th iM Fa Sitd BAS KET 33.23 4424 
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Lo 202 
Ae sO 
11604 
LESO5 
11605 
11607 
114608 
11609 

9404 

9405 

9406 

9401 
Bence 

9403 
11601 
ce) 3 
Preo? 
19602 
LO60L1 
tx 1 
E5102? 


14017 
ee a et) 8 


508 Re 


14920 
da E 
14013 
14914 
14901 
14902 
14903 
14904 
14905 
a6 
14907 
14908 
14909 
14910 
L491) 
14912 
44923 
14914 


14015 Ae Uy Uke 28 2 | 
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TABLE V-15 


PAGE 


REN LAMA 
DISCHARGE 


BEPY LOAD. SAMPLES 
SORTED RY STATION & AN@REASING. NESTANCE 
STAT LON SAMPLE Bu bY PE Phyto 
‘OT SCHAR GE 

50 L7/AM MESH BASKET 3144 
So 1/4" eSH BASKET 2465 
50 1/4" MESH RBASKET AVRO 
50 L/ aC eo ey BASKET Ae 
KY L/S BASKET 3229 
59 144" _ PESH, BASKET B230 
ae 154 is th GASKET APWIn 
50 V/A ee eo BS KE T 2130 
50 L £7? eS BSE T Shs 
590 1 hee Diese eee T eS 
50 1/2" fESH BASKET 3186 
50 L/2" MESH. BASKET 32.52) 
ey Lie Vettes HAS ASKET Epo E., 
0) 1/2?" MESH RASKET 22.93 
50 L440 ESE ABASICET 34370 
5 LAA FESHABASKRET 2390 
5) CYA MESH cba SNET SPEAR 
55 Life Wi MES Hak Siete T 2247 
aD LA4 "Oct HOB ASKE 7 226) 
60 174", MESH BASKET 2933 
69 LS 4 ES H BASICET 2083 
69 A/a LES Hes She 208.3 
50 Lat ties te gaa DL 2083 
69 LAA MES He BASKET 208.4 
B04) 1/4" MESH BASKET 2083 
60 Vere item ate 2095 
60 AS PP es 2095 

69 Vesa sider ile BOOS» 
60 Vie es He DAGKE T 2AND 
60 LS lt S He BASE T ZL00 
6) 1 /AYLMES He BASKET PAUDO 
50 Lat oS He BASKET PaO 
69 1/4". MES He BASKET 21D C 
6 I/ 4° HES He BASKET e200 
ole) Vacd «8 V's PAGO 
69 Vee dt oni 2190 
BO: ot ps ee Nisei all oe EO 
69 1/4" MESH BASKET 2190 
60 L74" MESH BASKET 2100 
69 1/4" MESHs BASKET 2109 
69 Wah MESHES BASKET 2100 
69 1/4" MESHSBASKET 2190 
69 Lf SHe BASKET 2199 
60 1/4" MESH BASKET 2199 
69 1/4" MESHABASKET 2109 
49 164." eHEGH uBhSKET 2700 
60 Vie wie Vs 2190 
60 Weds BV a 2190 
60 mes Ae 2199 
60 Side: Ws 2300 
50 Veco hae Mg 2109 
PaO Ne 
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RE re SS I LE ER DS RE CETL EPR EE AEG TOE 


BEDVE GAD 
GY SHA? TON oe 


SORTED 
STATION 
1.D. 
+a 14916 a a” 
14°17 60 
14918 AN 
14919 aaa 
14920 69 
14012 69 L/me' 
SSE Sm © EP A cl 
14009 50 1/4" 
14010 60 1/4" 
1401] HC 1 / vet! 
O80) 69 Lan 
19802 40 1/4" 
ent O03 Roe: Leen 
Pa241 50 sae 
P3270 6 1/4" 
14095 60 Eee 
14996 69 L/4" 
14007 60 L/4" 
ee F008 cog)’ Va 
9806 60 desece* 
9807 60 Lf 
9805 69 fon 
L805 60 MALE 
14001 50 1/4" 
14002 69 1/4" 
14904 60 1/4" 
10806 &0Q Vf am 
10807 69 1/4" 
EI tZ 69 I 
eee OO 
13214 60 EAM 
EAQU5 60 T74" 
S30)% 60 1/4" 
9804 60 1/4" 
9802 50 1/74" 
S eee L......69 es Fas 
19208 60 Lys" 
9601 60 1/4" 
13207 60 a eee 
13208 69 1/4" 
1Io209 50 Lf? 
i ICUS 60 meee is 
13206 60 1/4" 
13202 60 1/4" 
13703 60 1/4" 
13704 A9 1/4" 
13201 69 : ieee 
% tee  . tO 1/4" 
12904 60 1/4" 
12905 69 feet 


ae Mien. 2P1AN 
Vig te Vw PEG) 
\ Mee 2190 
ne ai yk 219N 
yi Sane he 2100 
MESH BASKET 2138 
‘MESMUSASKET 219%  . & 
MESH BASKET 2299 
MESH BASKET 2209 
MESH RASKET 2200 
MESH BASKET P21 
MESH BASKET 2049 
MESH BASKET 2219 
MESH BASKET 200 Ae 
MESH! BASKET 22:30 
MESH BASKET 2PPAD 
MESH BASKET ee 
MESH BASKET 2230 
MESH BASKET 2239 
MESH BASKET 2033 
MESH BASKET pees 
MESH BASKET DG 7 
MESH RASKET PTET 
MESH BASKET 22480 
MESH BASKET 2250 
MESH BASKET 2250 
MESH BASKET 2259 
MESH BASKET 2260 
MESH BASKET 2260 
MESH BASKET 2290 
MESH} BASKET 2290 
MESH BASKET 2290 
MESH BASKET 2290 
MESH BASKET 2350 
MESH BASKET 2350 
MESH BASKET 2365 
MESH BASKET 2330 
MESH BASKET 2455 
MESH RASKET 2435 
MESH BASKET 2514 
MESH RASKET 2514 
MESH BASKET 2514 
MESH BASKET __ 2535 
MESH BASKET 2535 
MESH RASKET 2554 
MESH RASKET 2556 
MESH BASKET 2556 
MESH BASKET 2619 
MESH BASKET | 2813 
MESH BASKET 2834 
MESH S3ASKET 2824 
MOSH PASKET 2 BES 
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Seno (BY STATION © ANCREASING 01S TANCE 
SAMPLE STATION SAMPLE? TYPE ELUTED Pen Loan 
I.)n. PISCHARGF DISCHARGE 
12902 40 1/4 MESH BASKET 2855 33.2 
12902 69 1/4" MESH BASKET 2855 176.8 
12508 60 1/4" MESH BASKET 2871 5 
12901 50 L7A" MESH RASKET PATH 139.5 
12907 60 iva) Neon BASKET 25000 ae sie 
9102 60 1/4" MESH BASKET 2910 12.2 
4 9101 60 1/4" MESH BASKET 2970 5G 9s 
12296 60 1/4" MESH BASKFT 3018 4124 
12304 69 1/4 MESH BASKET 3039 27 a? 
12395 60 Ty¥4i MESH BASKET 3039 Lat 
12303 49 1/4 MESH BASKET 3060 128.8 
12301 60 174" MESH 3ASKET 3031 15.5 
a 12302 60 1/4" MESH BASKET 3031 46.2 
11704 4&0 1/4" MESH BASKET 3180 Yay 
11795 69 1/4" MESH BASKET 3130 2028 
11706 60 1/4" MESH SASKET 3139 Ah4 
LisOT 60 1/4" MESH BASKET 3189 hee oe 
Liao? 69 1/4" MESH BASKET 3370 194.4 
me 260631703 Ci 1/4" MESH BASKET 3370 Opie 
11701 60 1/4" MESH BASKET 3390 66.6 
19401 65 1/4" MESH BASKET 2305 16.6 
15202 70 i Vie MESHORA SORT 2020 Mee 
15201 70 1/4" MESH BASKET 206? Oe 
9999 70 Vie a ZOO BS oo 
Pee oo LUO Ve Ue Vo 209) 6944 
“Toe, 70 el ithg View 2095 ey, 
14105 79 1/4" MESH RASKET 2100 ay 
14106 70 1/4" MESH BASKET 2190 Ow? 
14107 79 1/4" MESH BASKET 2190 ays 
14108 70 1/4" MESH BASKET 2109 ys, | 
Ss i501 4. 70 1/74" MESH BASKET 2100 19.2 
14502 79 1/4" MESH BASKET 2100 3.8 
14503 70 1/4" MESH BASKET 2100 O,.f4, 
14504 19 LU MESA ST P00. i ee 
14505 79 1/4 MESH BASKET 2190 0.3 
14506 79 1/4" MESH BASKET 2100 6.6 
4 14507 70 1/4" MESH BASKET Boo) Ve 
me 1440% #70 £41/4 MESH BASKET 2146 pes: 
100 70 1/4" MESH BASKET 2167 1,18 
14192 79 1/4 MESH BASKET 2147 13.3 
14103 70 1/4" MESH BASKET 2167 3.3 
10904 70 L/4" MESH BASKET 2205 SOAP 
9907 70 1/2" MESH BASKET 2219 41.6 
me 8419908 # &«*4+70 1/2" MESH BASKET 221° 89.5 
10901 79 1/4" MESH BASKET 2219 19.4 
1990? 70 1/4" MESH BASKET GLE EO SF i Mee eo RE 
10902 70. 1/4" MESH BASKET. 2219 16.6 
9905 70 1/2" MESH BASKET 22040 1.6 
q 9906 70 1/2" MESH BASKET 2233 45.8 
mm 13413 70 1/4" MESH 3ASKET 2250 4546 
10905 70 1/4" MESH BASKET PAWS Bat 
1341? 70 1/4 MESH BASKET 2290 7 Mint 
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SAMPLE STATION SAMPLED 
Pea 
oP 0906 7? L/4" MESH 
L34)0 70 1/4" MESH 
13411 70 WAAL MESH 
13408 7 1/4" MESH 
43409 70 1/4" MESH 
9904 79 1/4" MESH 
SE ey Se ©) Viet BESH 
9901 Wah MESH 
9902 rae) 1/4" MESH 
9903 70 572% MESH 
13406 70 V/4" BESH 
13407 70 1/4" MESH 
eee On LO Aa MESH 
132404 7/4 MESH 
13405 70 1/4" MESH 
13401 70 1/4" MESH 
13402 70 1/4" MESH 
83005 rae 1/4 MESH 
eee 3006 70 1/4) MESH 
13007 TO iA MESH 
132008 70 1/4" MESH 
13009 70 1/4" MESH 
13010 79 1/4 MESH 
13004 70 1/4" FSH 
fee OL, 10 1/4" MESH 
oo.) TO. /AS) MESH 
92093 70 1/2" MESH 
1390? 70 1/4" MESH 
13001 70 1/4" MESH 
9202 79 L744 MESH 
Mee)6 620k. CUTD OL / AM MESH 
i402 70 1/4" MESH 
12403 70 1/4" MESH 
PANG 70 1/4" MESH 
12405 70 L/4" MESH 
12409 ce LJ) MESH 
me CC(«LC4OL,—iésPCO 1/4" MESH 
12406 70 1/4" MESH 
12407 70 Wie MESH 
12408 ie 1/4" MES 
11903 70 1/4" MESH 
11904 79 L/Ajh MESH 
m £11905 Sid. b/AS MESH 
11906 70 1/4" MESH 
11907 79 1/4" MESH 
PEEKS 70 LS) 4c) MESH 
9501 70 1/2" MESH 
9.502 TO Lefts MESH 
9503 70 1/2" MESH 
9504 79 1/2" MESH 
9505 70 1/2 MESH 
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BASKET, 2305 2. 9 
BASKET 2310 Bhat 
BASKET 2319 ae) 
RASKET 2330 5.5 
RASKET 2330 27.0 
BASKET 2335 38..8 
BASKET  —s_- 2335 23,3 
BASKET ee 
BASKET 2350 255.5 
BASKET 9359 1th 
BASKET 2350 ee 
BASKET 2350 Tide. 3 
BASKET (2493 | 
BASKET. Dee a 
BASKET. 2492 34.5 
RASKET P5L4 15.6 
BASKET 2514 53,3 
RASKET para | Wend 
BASKET 2787 
BASKET 27387 4 
BASKET DOE 55.5 
BASKET DTT 128.28 
BASKET 2787 115.5 
BASKET 2802 Ort 
BASKET 2808 5.3 
BASMET 2820 lets 
BASKET 2845 pe 
AASIKET 2859 say 
BASKET PE7L Oe @ 
BASKET 2919 Sak 
BASKET 2999 Lhe 
BASKET 2997 41.4 
BASKET 2997 5.5 
BASKET 2997 Ted 
BASKET 2997 845.1 
BASKET 2997 92.5 
BASKET 3018 O.5_ 
BASKET 3013 eee, 
BASKET 3013 155.5 
BASKET 3019 66.6 
BASKET 3130 Ao 
BASKET 3180 ee 
BASKET _ 31289 1 Wie ce 
BASKET 3189 29404 
BASKET 3180 dea) 
BASKET 3130 14.3 
Cites - 2186 69.4 
BASKET 3184 14.5 
BASKET 32186 87.5 
BASKET ~ Heh 135.4% 
RASKET LRG 1602.0 
BASKET 3330 N29 
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SAMPLE STATION SAMPLER TY °F -FLUT) BEN LO An 
id. IISCHAPRGE NISCHARGE 
11902 70 1/4" MESH BASKET 3330 55.5 
15301 89 1/4" MESH BASKET 1980 Oi 
15302 80 1/4" MESH BASKET 1989 7 
LOO1A 80 ue as 2095 4.3 
14205 R0 1/4" MESH BASKET 2109 oe 
14206 80 1/4" MESH RASKET 2199 oer 
a 14601 30 1/4" MESH BASKET 2100 Q,41 
14692 30 1/4" MESH RASKET 2199 se 
145023 Qn 1/4" MESH BASKET 2100 1.5 
14604 30 1/4" MESH BASKET 2199 1.6 
14203 20 We! MESH BASKET = =~ ~=—O eS 02 ia, 
14204 80 1/4" MESH BASKET 2125 1222 
me 3=—isd14201 20 1/4" “MESH BASKET 2146 9,3 
14202 30 1/4" MESH BASKET. 2146 5.3 
19009 80 1/2" MESH BASKET 2163 12.5 
10007 80 1/2" MESH BASKET 24°91 e.0) 
19008 BO 1/2" MESH BASKET Pon. eae 
19006 RO 1/2" “ESH BASKET 2205 44.4 
me 6=—So11901 80 1/4" MESH BASKET 2205 14.4 
11002 80 1/4" MESH BASKET 2205 80.5 
11903 80 1/4" MESH BASKET 2205 15.2 
109005 BO) YP MESH (BASKET 2219 73083 
10901 80 L/4"% MESH BASKET 233° 144.4 
10002 39 1/4" MESH BASKET 2335 Zit 
10003 30 1/4" MESH BASKET 2335 80.5 
10004 8) 1/4" MESH BASKET 2335 15.6 
13510 39 1/4" MESH BASKET 2350 51.8 
13511 re) LI) INES SR ASKET hee be 50.29 
13512 30 1/4" MESH BASKET 2359 23. 
13513 80 1/4" MESH BASKET 2350 O4.2 
¥ 13514 30 1/4" MESH BASKET 2359 WY 
| 13504 80 1/4" MESH BASKET 2370 14.8 
13505 80 1/4" MESH BASKET 2370 Pitt 
13.506 RN 1/4 MESH SASKET 2378 P59 
13507 80 1/4" MESH BASKET 2370 29.6 
13508 30 1/4" MESH BASKET 2370 25.9 
ee 13500 8d. 1/4" ‘MESH BASKET 2370 Domi 
13501 30 1/4" MESH BASKET 2493 49.1 
13.502 30 1/4" MESH BASKET 2493 68.5 
135023 39 1/4" MESH BASKET 249 Do! 
13101 89 1/4" MESH BASKET 2808 18.8 
13102 30 1/4" MESH BASKET 2803 3a! 
me 13103 39 1/4" MESH BASKET 2808 ihe cee 
S Jano, 166 L/4" MESH BASKET 2803 Let 
9302 30 1/2" MESH 3ASKFT 2845 rime | 
1250? Bn 1/4" MESH BASKET 237 6 ori) 
- joann, 180 174" MESH BASKET ” 2376 Sool 
9301 30 1/2" MESH BASKET 2290 157.7 
- 12501 39 1/4 MESH RASKET 2997 0.0. 
12504 89 1/4" MESH BASKET 2997 55.05 
12505 80 1/4" MESH BASKET DENT 33.03 
Pica 7 Bhs 6 
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SAMPLE. STATION’ SEO Pye r ee RE, REN LOAD 
bat. JESCHARGE DISCHARGE 
Se 2 ee OO 2 A NS) BASKET 2130 D2? 
11804 Qn 1/4" MESH BASKET 21230 664 
11305 gn 1/4" MESH BASKET 3180 404 
11206 37 1/4" MESH: BASKET 3139 13.5 
11807 80 Liew MESUP BASKET 32180 LOO 2 
11808 a 1/4" MESH BASKET 31280 neh 
fet oo) CB 4 MESH BASKET. 3180 13.5 
11801 gn 1/4 MESH BASKET 3350 ye 
1180? aD 1/4" MESH BASKET 2359 Eltege 
15401 an 1/4" MESH BASKET 19469 0.5 
15402 aD 1/4" MESH BASKET 1960 ape ; 
14392 QM 1/4" MESH BASKET 2932 Oneal 
2030000) 1/4" MESH BASKET P1090. 
14701 99) 174" MESH BASKET: 2109 229 
14702 9D 1/4" MESH BASKET 2100 Ae 
14703 Shi) L/4 MESH BASKET 2100) 2? 
10109 97) 1/2" MESH BASKET bedi 9.0 
10110 om 1/2" MESH BASKET e120 0.9 
Pe Ob OO. 1/4" MESHIBASKET 2125 
10108 99 1/2" MESH BASKFT 2163 6.6 
10196 97 1/2" SESH BASKET OT C.0 
19107 aM 1/2" MESH BASKET 2171 ee 
10105 oD 1/27 MESH BASKET 2191 0.9 
LL101 30 1/4" MESH BASKET 2205 AS 
Meee 11102 1/4" MESH BASKET 2205 4S 
11103 90 1/4 MESH BASKET 2295 21.0 
19104 90 1/4" MESH BASKET 2305 3.7 
19101 Qn 1/4" MESH BASKET 2335 ne erat 
19102 a5 1/4" MESH BASKET 2335 One 
10193 90 1/4" MESH BASKET 2335 19.64 
My 613608  =«-« 9s 4" MESH BASKET 2390 261 
13695 90 1/4" MESH BASKET 2410 5.5 
13606 90 1/4" MESH BASKET 2410 11.4 
13607 90 1/4 MESH BASKET 2419 19.4. as 
13604 On 1/4" MESH BASKET 2439 4.0 
13601 70 1/4" MESH BASKET 2493 aang 
me 13602. 99 1/4" MESH BASKET 2493 3.3 
13603 9” 1/4" MESH BASKET 2493 220 
12601 90 1/4" MESH BASKET 2997 0.0 
12001 oan Liat MESHURNSKET:. 6. 3 P80 2s lave. ecu 
12002 qn 1/4" MESH BASKFT 3130 1.8 
13391 95 1/4" MESH BASKET 2410 ess 
., 155901 199 1/4 MESH BASKET | 1969 O20, 
Meei4eo,  iG02- 1/4" MESH BASKET 2100 0.0 
10202 100 1/2" MESH BASKET 2135 0.0 
fe 10203 100 W/o") MESH BASKET. 2145 a0 ete 
11202 199 1/4" MESH BASKET - 7191 oo 
T2001 100 17/4" MESH BASKET 2209 0.4 
a 19201 Lan 1/4" MESH BASKET 2305 2ef 
Mm 42702. 109 1/4" MESH BASKET 2e10 0.0 
13701 100 1/4" MESH BASKET 2493 00 
1219) LAM 1/4" MESH BASKET ep R si iuumeneemertas LS MES 
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FIG. 4-33 
ELBOW RIVER AT BRAGG CREEK 
STATION 5- Bug 
HYDROGRAPH 
INSTANTANEOUS DISCHARGES 
From June 24 To July 7% !969 
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PLATE # 111-1 
Large Basket Sampler 


PLATE # 111-2 
Large V.U.V. Sampler 
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APPENDIX C 


PHOTOGRAPHS 


PLATE # 111-3 


Cable Car used for Bed Load Sampling 
at Bragg Creek 


PLATE -# 111-4 


Power Winch used for raising and lowering 


Bed Load Samplers 
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PLATE # 111-5 


Power winch used for moving back and forth 
on cableway 


PLATE # 111-6 


Scale used for weighing Bed Load Samples 
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PLATE #111-7 


Stay Line at Bragg Creek 


PLATE # 111-8 


Sampling Truck with Crane fully extended 
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PLATE # 111-9 


Full size V.U.V. Sampler being lowered into the North 
Saskatchewan River. 


PLATE # 111-10 


Full size V.U.V. Sampler just before entry into water. 
Notice how tightening the rear rope tilts the sampler 
mouth downward. This tilting enables the sampler to 


plane its way to the river bottom. 
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PLATE # 111-11 


Full Size V.U.V. Sampler being raised from the water, 
Note that the rear rope is slack. 
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Velocity rake 
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PLATE #111-13 


Velocity Rake 


PLATE # 111-14 


US D-49 Depth-Integrating Sampler 
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PLATE # IV-1 


Aerial View of North Saskatchewan River 
at Nordegg Bridge 
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| FIG.5-14 Relationship Between Vm2/(Gs-1) gh, °/D50 ac 
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Series of photographs taken from 
left Guide Bank in |I968 


North Saskatchewan River at Nordegg 
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Series of photographs taken from 
Left Guide Bank in I969 


North Saskatchewan River at Nordegg 
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